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INHI8ITI0M OF LYMPHOCYTE ADHERENCE TO VASCULAR 
ENDOTHELIUM UTILIZING A NOVEL EXTRACELLULAR 
MATRIX RECEPTOR-LICAND INTERACTION 

1. INTRODUCTION 
The present invention relates to a method for 
inhibiting the adhesion of one cell to another. It is based 
on the discovery that the aAfll extracellular matrix 
receptor proaotas adhesion of lymphocytes to endothelial 
cells via attachment to a defined peptide sequence. In 
particular embodiments of the invention, monoclonal 
antibodies or peptides may be used to inhibit binding of 
lymphocytes to endothelial cells, thereby preventing 
lymphocyte entrance into tissue and suppressing -the immune 
response. 

2. BACKGROUND Of THE INVENTION 
2.1. EXTRACELLULAR MATRIX RECEPTORS 
Specific cell surface receptors (R) for 
extracellular matrix (ECM) components such as collagen, 
fibronectin and laminin have been described (reviewed by 
Hynes, 1987, Cell, 48: 549-554 t Hemler, 1988, Immunol. 
Today, 9:109). The functions of the extracellular matrix 
receptors (ECMRs I, II and VI) have been defined by 
affinity chromatography (Wayner and Carter, 1987, J. cell 
Biol., 105:1873-1884; Staatz et al., 1989, J. Cell Biol., 
198 :1917-1924) and by preparing monoclonal antibodies that 
specifically inhibited the interaction of calls with 
purified Uganda (Wayner and Carter, 1987, J. Cell Biol. 
105:1873-1884) or ECM (Wayner tt al., 1988, J. Cell Biol. 
107:1881-1891) . 

A variety of ECMRs have been identified using 
these techniques. Using mono- lonal antibodies, Wayner and 
Carter (1987, J. Cell Biol. 105:1873-1884) identified two 
classes of cell surface receptors for native collagen in 
human fibrosarcoma calla; class I was involved in cell 
adhesion to collagen, fibronectin and laminin, whereas 
class II was involved in cell adhesion only to native 
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collagen. Wayner et al. (1988, J. call Biol. 107 i 1881- 
1891) idantifiad monoclonal antibodlaa that inhibit human 
call adhaaion to collagen (P1H5) , tibronectin (P1F8 or 
P1D6) and both col lagan and fibronactin (P1B5) ; P1F8 and 
P1D6 vara found to react with a 140 kO aurfaca racaptor 
known aa ECMR VI. Kunicki at al. (1988, J. Biol. Cham. 
263:4516-451?) reported that P1H5 (supra) alao specifically 
inhibitad adhaaion of unactivatad huxan platalata to 
collagan types I and III, but not to fibronactin. A 
coaplax comprising at laaat thraa glycoprotoina waa 
iaolatad froa chiekan embryo fibroblaata, using aonoclonal 
antibodiaa which Llock call adhaaion to fibronactin 
(Knudaan at al., 1985, Exp. Call Rea. 157:218-226; Chan at 
al., 1985, J. Call Biol. 100:1103-1114) wharaaa a coaplax 
of two glycoprotoina waa iaolatad froa aaaaalian calls 
using vitronectin affinity chromatography (Pytela at al., 
1985, Proc. Natl. Acad. Sci. U.S.A. 82:5766-5770; Pytela at 
al., 1986, Science 231:1559-1562). Major platelet aurfaca 
glycoprotoina lib and Ilia have bean found to exist aa a 
noncovalent 1:1 coaplex in the platelet aaabrana (Jenninga 
and Phillips, 1982, J. Biol. Chea. 252:10458-10463) and to 
aarve aa an ECMR for fibrinogen (Bennett et al., 1983, 
Proc. Natl. Acad. Sci. U.S.A. 80:2417-2421; Marguerie et 
al., 1984, Eur. J. Biochea. 139:5-11), fibronactin (Gardner 
and Hynea,* 1985, Call 42:439-448; Plow at al., 1985, Blood 
66:724-727), von Willabrand factor (Ruggari at al., 1982, 
Proc. Natl. Acad. Sci. U.S.A. 79:6038-6041) and vitronectin 
(Pytela et al., 1986, Science 231:1559-1562). 

Structural homology is shared by the multitude 
of extracellular matrix receptors. The ECMRs are members 
of the integrin family of call adhaaion aolecules and 
posaess unique a subunits coaplaxad to the integrin fil 
subunit (Rynes, 1987, Cell 48:549-554; Wayner and Carter, 
1987, J. Call Biol. 105:1873-1884; Waynar at al., 1988, J. 
Cell Biol., 107:1881-1891). Additional aeabers of the 
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integrin receptor faaily include leukocyte adhesion 
proteins and ths VIA antigans. The leukocyte adhesion 
proteins include LFA-1, Mac-1, and P150/95, and are dimeric 
glycoproteins composed of different a chains and a common, 
95.kOa fi chain, (Kishioaoto et al. t 1987, Cell 48:681-690). 
VIA antigens are named for their very late appearance on 
cultured T lymphocytes (Healer et al., 1983, J. Immunol. 
131:334-340; Healer et al., 1984, J. laaunol. 132:3011- 
3018; Healer at al., 1985, Eur. J. laaunol. 15:502-508). 
Antlsera to the VXA-l subunit were found to block cell 
adhesion to fibronectin or laainin (Takada et al., 1987, 
Nature 326:607-610). 

Interrelationships between these ECMRs have been 
identified. ECMR VZ is identical to the prototype 
fibronectin receptor (Pytela et al., 1985, Cell, 40:191- 
198), aSfil, platelet glycoprotein (gp) Ic/Ila and VIA 5, 
ECMR II is identical to a2*l, platelet glycoprotein la/IIa 
and VIA 2 (Healer et al., 1987, J. Biol. Chea., 262:11478- 
11485) , and ECMR I is identical to «301 and VIA 3 (Kunicki 
et al., 1988, J. Biol. Chea., 263:4516-4519; Takada et al., 
1988, J. Cellular Biochea., 37:385-393; Wayner et al., 
1988, J. Cell Biol. 102:1881-1891). Monoclonal antibod: is 
to o2^1, o3^1 and *5fi\ (P1H5, P1D6 and P1B5) inhibit 
fibroblast or platelet adhesion to collagen, fibronectin 
and lamin in-coated surfaces (Kur.icki et al., 1988, J. cell 
Biol. 107:1881-1891; Wayner et al., 1988, supra). Table I 
lists soae of the members of the integrin faaily described 
supra , and Table II lists a number of monoclonal antibodies 
that recognize various ECMRs. 
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TABLE XX 
Antl-ECMt Antlbodlea 



Atnlbody Racaptar Ligand 



Rafarenea 



10 



P1HS 



°2*1 



Collagen 
Laainln 



(Vaynar at al., 1987, J. 
Cell Biol. 103; 1873-1884: 
Vayner oc al., 1988, J. 
Call Biol. 107: 1881-1891) 



15 P1B5 



3*1 



Collogen 
Flbronaetin 



(Waynar at al., 1987 J. Call 
Biol. 103:1873-1884 



P4C2 



20 



P1D6 
Call 



a 5*l 



Flbronaetin 
(CS-1) 

Flbronaetin 
(Arg-Gly-Asp-Ser) 



(Waynar at al.. 1988, J. 
Biol. 103:1873-1884 



P4C10 



25 



P4119 



fi 2 (CdlS) 



FN, COL, LAM 
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The fil integrins arc differentially expressed in 
cultured calls and tissue, and demonstrate clear 
differences in activation dependent expression. For 
example, expression of a3fil in hematopoietic cells is 
restricted to subpopulations of thymocytes and peripheral 
5 blood lymphocytes, monocytes, acute lymphocytic or 
myelogenous leuXemias, activated T cells, migrating 
hemopoietic precursor cells, and some cultured T, B or 
erythroleuXemia call lines (Bernard! at al., 1987, J. Call 
Biol., 105:489-498; Cardarelli at al., 1988, J. Cell Biol., 
10 106:2183-2190; Garcia-Pardo at al., 1989 Carcia-Pardo at 
al., 1989, Exp. Cell Res., 181:420-431; Giancotti at al., 

1986, J. Cell. Biol., 102:429-437; Liao at al., 1987, Exp. 
Call Res., 171:306-320; Waynar at al., 1988, J. Call Biol. 

107:1881-1891. 
IS — 

2.2. FIBRONECTIM 
Fibronectin is a protein found in the 
extracellular matrix as wall as in plasma and on the 
surface of certain types of cells (Akiyama and Yamada, 

1987, Adv. Enzymol. 59:1-57). In plasma, fibronectin 
exists as a glycoprotein heterodimer consisting of two 
similar subunits (called A and B chains) , each having a 
molecular weight of approximately 220 kDa (Akiyama and 
Yamada, 1987, Adv. Enzymol. 59*1-57; Erickson at al., 1981, 
J. Call Biol. 91:673-678). Multiple special i ted 
intramolecular domains (Ruoslahti at al., 1981, J. Biol. 
Cham. 256:7277-7281) of the fibronectin molecule may be 
cleaved into fragments which, in turn, are capable of 
interacting with collagen, fibrin, haparin, and cell 
surfaces in a manner analogous to that of tha intact 
molecule (Hynes and Yamada, 1982, J. Cell Biol. 95:369- 
377). 
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Cellular and plaama fibronactin heterodimera 
comprise similar but not idantical polypaptldaa. Tha 
variability in tha atructura of fibronactin aubunita 
darivaa froa variation* in fibronactin mRNA primary 
aaquanca dua to alternative apl icing in at laaat 2 ragiona 
of tha pra-f ibronactin mRNA (tha ED and IIICS ragiona) . 

Fibronactin is capable of promoting adhasion of 
a variaty of call typas, such as fibroblasts (Grinall at 
al., 1977, Exp. Call Raa. 110:175-210), macrophages 
(Bevilacque at al., 1981, J. Exp. Mad. 153:42-60), 
polymorphonuclear laukocytes (Marino at al., 1985, J. Lab. 
Clin. Mad. 105:725-730), platelets (Xotaliansky at al., 
1981, Fed. Euro. Biochem. Soc. 123:59-62) and keratinocytes 
(Clark at al., 1985, J. Invaat. Dermatol. 84:378-383), to 
name but a few (Liao at al., 1989, Exp. Cell Res. 181:348- 
361) . Interaction between f ibronectin and a cell surface 
protein having a molecular weight of approximately 140 kDa 
haa been obaerved in fibroblaats (Brown and Juliano, 1985, 
Science 228:1448-1451; Akiyama at al., 1986, J. Call Biol. 
102:442-448; Brown and Juliano, 1986, J. Cell Biol. 
103:1595-1603; Wylie et al., 1979, J. Cell Biol. 80:385- 
402), endothelial cells (Plow et al., 1986, Proc. Natl. 
Acad. Sci. U.S.A. 83:6002-6006), lymphoid calls (Brown and 
juliano, 1986, J. Call Biol. 103:1595-1603; platelets 
(Pytela et al., 1986, Science 228:1559-1562; Gardner and 
Hynes, 1985, Cell 42 t 439-448), muscle cells (Horowitz et 
al., 1985, J. Cell Biol. 101:2134-2144; Dawbsky at al., 
1985, J. Cell Biol. 100:1528-1539; Chapman, 1984, J. Call 
Biochem. 259:109-121), and osteosarcoma cells (Pytela et 
al., 1985, Cell 40:191-198). 

The binding of fibronectin to cell surfaces may 
be competitively inhibited by fragments of fibronectin 
(Akiyama et al., 1985, J. Biol. Cham. 260:13256-13260). 
Uaing synthetic peptides, a aaquanca of what was thought to 
be the only minimal cell-recognition aite was identified as 
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the tetrepeptide Arg-Gly-Aap-Ser (RODS) (Pierschbecher and 
Ruoslahtl, 1984, Nature 309:30-33; Piarachbachar at al., 
1982, PTOC. Natl. Acad. Sci. U.S.A. 80:1224-1227; 
Piarachbachar at al., 1984, Proc. Natl. Acad. Sci. U.S.A. 
81:5985-5988; Akiyama at al. , 1985, J. Call Biol. 102:442- 
448). Tha RCDS aaquanca praaant in the *cell-bind±ng* 
doaain of fibronactin ia tha ligand for tha prototypa of 
fibronaction racaptor daacribad by Pytala at al. (1985, 
Call 40:191-198). 

Various obaarvationa suggested that ragiona 
othar than R6DS may function in fibronactin binding 
(Humphries at al., 1986, J. Call Biol. 103:2637-2647). For 
example, tha binding affinity of synthatic paptidas vaa 
found to ba aubstantially lower than tha binding affinity 
asaociatad with largar fragments or intact fibronactin 
(AXiyaaa at al., 1985, J. Biol. Cham. 260:10402-10405; 
Akiyaaaat al., 1985, J. Biol. Chea. 260:1325 13260). 
McCarthy at al. (1986, J. Call Biol. 102:l79-*88) raported 
binding affinity between a 33kOa fragment of plasaa 
fibronactin and B16-F10 melanoma tumor calla. Barnard i at 
al. (1987, J. Call Biol. 105:489-498) raportad that 
lymphoid precursor calla adhered to two different aitas on 
fibronactin; the BaF3 cell line interacted with the RGD 
binding domain, whereas the PD31 cell line appeared to 
interact with a different doaain located in the carboxy 
terminal aagaant and associated with a high affinity 
binding site for heparin. 

Humphries at al. (1986, J. Call Biol. 103:2637- 
2647) compared the ability of fibronactin fragments to fora 
adhesive interactions with melanoma versus fibroblastic 
cells. Fibroblastic BHK cells were observed to spread 
rapidly on a 7SkDa fragment representing the RCDS 
containing cell-binding doaain, whereas B16-F10 melanoma 
cells did not appear to spread on the 75kOa fragment, but, 
instead were observed to spread on a 113kDa fragment 
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derived from the portion of fibronectin containing the type 
III connecting Mgitnt (CS) difference region, or V-region 
(in which alternative splicing of mRHA may occur) . In this 
IIICS region, located near the fibronectin carboxyl 
terminus, the sequence Arg-GlurAsp'-Val (REDV) appeared to 
have functional significance. Humphries et al. (1987, J. 
Biol. Chen. 262:6886-6892) studied a series of overlapping 
synthetic peptides spanning the IIICS region. Two 
nonadjacent peptides, CS1 and CSS, were found to be 
competitively inhibitory for adhesion of fibronectin to 
melanoma, but not to fibroblastic, cells, with CS1 showing 
greater inhibitory activity than CSS. Liao et al. (1989, 
Exp. Cell Res. 181:348-361), reported that MOPC 315, IgA- 
secreting lymphoid cells, in addition to binding to the 
cell binding domain via an RGD interaction, bound 
preferentially to the carboxy-terminal heparin binding 
domain by an RGD- independent mechanism. However, the 
adhesion sequence (s) present in the carboxy terminal 
regions of fibronectin and the cell surface receptor (■) 
responsible for adhesion of cells to these adhesion 
sequences have not been identified. 

2.3. BIOLOGICAL FUNCTIONS OF CELL A DHESION MOLECULES 
Adhesive interactions between cells have been 
found to occur during many important biological events, 
inlcuding tissue differentiation, growth and development t 
and also appear to play a critical role in the pathogenesis 
of various diseases (Humphries et al., 1986, J. Cell Biol. 
103: 2637-2647 » Crinnell, 1984, J. Cell Biochem. 26:107-116; 
Hynes, 1986, Sci. Am. 254:42-51). 

For example, adhesive interactions are known to 
be extremely important in the immune system; in which the 
localisation of immune mediator cells is likely to be due, 
at least in part, to adhesive interactions between cells. 
Recirculation of lymphoid cells is non-random (Male et al., 
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in 'Advanced Immunology', J. B. Lippincatt Co., 
Philadelphia, p. 14.4 - 14.5) i lymphocytes demonstrate a 
preference for tha typa of aacondary lymphoid organ that 
thay will antar. In traff icing through a aacondary 
lymphoid organ, lymphocytes must first bind to tha vascular 
endothelium in the appropriate post-capillary venules, then 
open up the tight junctions between endothelial cells, and 
finally migrate into the underlying tissue. Migration of 
recirculating lymphocytes from blood into specific lymphoid 
tissues, called honing, has been associated with 
complementary adhesion molecules on the surface of tha 
lymphocytes and on the endothelial cells of the high 
endothelial venules. 

Likewise, the adherence of polymorphonuclear 
leukocytes to vascular endothelium is believed to be a key 
event in the development of an acute inflammatory response, 
and appears to be required for an affective chemotactic 
response as well as certain types of neutrophil-mediatad 
vascular injury (Zimmerman and Mclntyre, 1988, J. Clin. 
Invest. 81:531-537» Harlan at al., 1987, in 'Leukocyte 
Emigration and its Sequelae*, Movat, ad. S. Kargar AC, 
Basel, pp. 94-104» Zimmerman at al., ibid., pp. 105-118). 
When stimulated by specific agonist substances, the 
polymorphonuclear leukocytes (Tonnensen et al., 1984, J. 
Clin. Invest. 74:1581-1592), endothelial cells (Zimmerman 
et al., 1985, J. Clin. Invest. 76:2235-2246» Bevilacque et 
al., J. Clin. Invest. 76» 2003-2011) , or both (Gambia et 
al., 1985, Proc. Matl. Acad. Sci. U.S.A. 82:8667-8671) 
become adhesive; as a result, polymorphonuclear leukocytes 
accumulate on the endothelial cell aura fee. 

Zn addition, studias with specific anti- 
glycoprotein antibodies in patients with immune deficits 
indicated that ona or mora components of the CD18 complex 
are required for eff active neutrophil chemotaxis and other 
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adhasion-ralatad functions (Z In* nan and Maclntyra, 1988, 
J. Clin. Invast. 81:531-537). Tha CD18 complax is 
identical to tha 0 2 intagrin subfamily (supra) . 

During saturation and dif farantiation, 
lymphocyta sub-populations localisa in diffarant anatomical 
sitas; for axampla, immatura T calls localisa in tha 
thymus. Similarly, IgA-producing B calls ara obsarvad to 
localisa in tha intastinal mucosa (Parrott, 1976, Clin. 
Gaatroantarol. 5 i 211-228). In contrast, IgC-producing B 
colls localisa primarily in lymph nodas, from which IgC is 
sacratad into tha systamic circulation (Parrott and 
dasousa, 1966, Hatura 212:1316-1317). T calls appaar to ba 
mora abundant in skin apidarmis than in mucosal linings 
(Cahill at al., 1977, J. Exp. Mad. 145:420-428). 

Tha physiologic importanca of laukocyta adhasion 
protains ( supra ) is undarscorad by tha axistanca of a human 
ganatic disaasa, laukocyta adhasion daficiancy (IAD; 
Andarson at al., 1985, J. Infact. Dis. 152:668; Arnaout at 
al., 1985, Fad. Proc. 44: 2664). Various studios hava 
indicatad that tha molacular dafact associatad with LAD 
rasults in aithar lack of synthasis of tha common fi chain 
or rormal rata of synthasis followsd by rapid dagradation 
(Licrffska-Groopiarra at al., 1986, Eur. J. Immunol. 16:205; 
Diamancha at al., 1987, Eur. J. Immunol. 17:417). In tha 
savara fork of IAD, naithsr LPA-1, Mac-1, nor pl50/95 ara 
axprassad on tha laukocyta mambrana; low lavals of 
laukocyta mambrana axprassion hava baan obsarvad in 
patiants suf faring from tha modarata form of tha disaasa. 
This laads to a dafaetiva mobilisation of polymorphonuclaar 
laukocytas and monocytas from tha vasculatura to tha iasuas 
during tha inflammatory rasponsa, with consaquant racurrant 
bactarial inf actions (Andarson at al., J. Infact. Dis. 
152:668; Arnaout at al., 1985, Fad. Proc. 44:2664). 
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ECMRs have also baan obaarvad to ba aaaociatad 
with functions outsida of tha iaauna ayataa. Loaa of tha 
IXb/XIIa platalat aurfaca glycoprotain coaplax appaara to 
raault in dafactiva platalat function in a ganatic diaaaaa 
known aa Glanzaann'a thrombaathania , (Hynas, 1987, Call 
48:549-554). Humphriaa at al. (1988, J. Call Biol. 
106:1289-1297) obaarvad that naurona of tha paripharal 
narvoua ayataa vara abla to axtand nauritaa onto aubstratas 
baaring both tha cantral call-binding domain and tha I I ICS 
ragion of fibronactin. Furtharaora, wa hava racantly ahown 
that naurita formation on laninin or fibronactin can ba 
inhibitad by antibodiaa to ECMRs. 

3. SUMMARY OF THE INVEHTIOW 
Tha prasant invantion ralatas to a aathod for 
inhibiting tha adhaaion of ona call to anothar coapriaing 
ihtarfaring with tha intaraction batwaan tha axtracallular 
aatrix racaptor and its ligand. 

Tha invantion is basad upon tha discovary that 
tha oAfil axtracallular aatrix racaptor proaotas adhasion of 
lyaphocytas to andothalial calls via attachaant to a dafinad 
paptida aaquanca. Prior to tha praaant invantion, tha ligand 
of tha o401 racaptor had not baan idantifiad, nor had tha 
function of tha aAfil racaptor in lyaphocyta attachaant baan 
known. By prsvanting tha intaraction batvaan tha o4*l 
racaptor and its Uganda using antibodiaa or dafinad paptida 
aaquancaa, tha prasant invantion anablaa, for tha firat time, 
spacific intarvantion in tha algration of lyaphocytas through 
tha vascular sndothaliua and into tissuas. Tha praaant 
invantion, tharafora, has particular clinical utility in 
auppraaaion of tha ianuna rasponsoi in varioua apacific 
aabodiaants of tha invantion, tha adhoranca of lyaphocytaa to 
andothaliua may ba inhibitad systaaically, or may, 
altarnativaly, ba local i tad to particular tiasuaa or 
circuascribsd araas. Accordingly, tha praaant invantion 
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provides for treatment of dia«*«a« involving autoimmune 
rupoMU as well as other chronic or relapsing activations 
of ths lnunt system, including allergy, asthma, and chronic 
inflammatory skin conditions. 

3.1. ABBREVIATIONS 

Psptids ssqusncss dsf insd harsin ars raprsssntad by 
ths one-letter symbols for amino acid rasiduss as follows: 

A (alanine), R (arginine), M (asparagina) , D 
(aspartic acid), C (cysteine), Q (glutamine), E (glutamic 
acid), 6 (glycine), H (histidins), I (isolsucins) , L 
(loucina) , K (lysins) , M (methionins) , P (phsnylalanins) , P 
(proline), 8 (sarins), T (threonine), W (tryptophan), V 
(tyrosina), V (valina). 

4. DESCRIPTION OF THE PICDRES 
Figura 1. Adhasion of T lymphocytes (Molt 4) , 
KS62-1, RD or HT1080 calls to plasma fibronsctin, inhibition 
with P1D6 monoclonal antibody and call surfacs sxprassion of 

51 Cr-labalad calls (10 5 call a/ml) wsra incubatad 
with P1D8 monoclonal antibody (30 ?g/ml) for 60 minutea at 4* 
C and allowad to attach to fibronactin-coatad (20 jig/ml) 
plastic surfacas in ths prsssncs of P1D6 (solid bars) or 
mouse IgG (opsn bars) for 30 sin (RT1080 or RD) or 4 hr (Molt 
4 or K562) at 37* C. Adhasion to plasma fibronsctin (pFN) is 
expressed as 91 Cr cpa bound to ths plastic surfacas. Call 
surfacs sxprassion of a5*l was dstsrminsd by flow cytometry by 
staining of calls in suspension with P1D6 monoclonal 
antibody. Log P1D6 fluorescsnes (striped bars) is expressed 
as ssan channel number (0-253) above background. 

Figure 2. Immune precipitation of lymphocyte 
fibronectin receptor from RT10890, Molt 4 or chronically 
activated C08+ T (LAX) cell detergent extracts. 
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125 I-labeled Molt 4, LAX or HT1080 cells were 
extracted with 1% Triton 'X-100 in the presence of 
phenylaethyl aulfonyl fluorlda (1 oH), N-ethylmaleimide (1 
nM), laupoptin (1 M9/al) *nd diiaopropyl fluorophoaphata (1 
oK). aa protease inhibitors. Aliquots of thaaa axtracta wore 
immune pracipitatad with monoclonal antibodiaa directed to 
a301 (P1B5) , a2*l (P1H5) and aAfil (P3E30. The immune 
pracipitatad antigen* vara run on 7.5% SDS-PAGE gala in the 
absence of 2-ME and visualized by autoradiography. The three 
bands lamina pracipitatad with P3E3 froa T lymphocytes are 
indicated (arrowa) . 

Figure 3. Identification of lymphocyte apecific 
f ibronectin receptor aa Intagrin oAfil . 

125 Z-aurfaca labeled Jurkat cells were extracted 
with 0.3% CHAPS in the preaanca of 1 mH CaCl 2 , 1 nM 
diisopropyl-fluorophosphate, 1 nM phenylmethyl aulfonyl 
fluoride, ImM N-ethylmaleimide, 1 ng/ml leupetin and 2 nq/jal 
soybean trypsin inhibitor. Aliquota of the extracts were 
then immune precipitated with myeloma (SP2) culture 
supernatant or with monoclonal antibodies P3E3, P4C2, P4G9 or 
with P1D6 (anti-a5n). The immune precipitates ware run on 8% 
SDS-PACE gals in the absence of reducing agent and viaualised 
by autoradiography. Molecular weight markera are ahown on 
the left-hand side. The a5 and 01 subunita are indicated as 
are the bands praaent in immune precipitates prepared with 
P3E3, P4C2 and P4G9 (arrows). 

Figure 4. Localisation of s401 and aSfil in focal 
adhesions on fibronect in-coated surfaces. 

RO cells were trypsinised and allowed to adhere to 
silanised and fibronect in-coated (20 ng/ml) glass cover slips 
30 in the absence of serum for 1 hour at 37* C. At the end of 
this time the cells were prepared for localisation of 
receptors in focal adhesions as described (Experimental 
Procedures) . Panels A and C anew focal adheaions (arrowa) 
visualised by interference reflexion microscopy when RD cells 
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ara adhered to fibronectin. Panel B shows the reorganization 
of the ROD prototype fibronactin racaptor a5fil stained with 
antibody AB33 to the focal adhesions (arrows) . Panel D shows 
the reorganization of aAfil stained with P4C9 (FITC) also to 
the focal adhesions when RD cells are adhered to fibronactin 
(arrows). Panels A and B are the save field and Panels C and 

D are the same field. 

Figure 5A. Domain structure of human plasma 
fibronactin (pFM) showing the origin of the fragments used in 
this study. B. SDS-PAGE gel analysis (10% acrylamide) 
demonstrating the purity of the fragnents. 

The 80 JcDa fragment had the N-terminal aaino acid 
sequence SD()VPSPR()LQF, and therefore begins at position 874 
of the fibronectin molecule (Kornblihtt et al., 1985, EMBO J. 
4:1755-1759). This fragment contains the cell binding domain 
15 (CeJ.1) «nd the RODS sequence of fibronectin (*). The 58 JcDa 
and 38 kOa fragments had the H-terminal amino acid sequence 
TAGPDQTEMTZEGLQ. Both fragments contain the C-terminal 
Heparin binding domain (Hep II) and result from a different 
cleavage of the two fibronectin chains by trypsin. The 38 
20 kOa fragment comprises the first 67 amino acid residues of 
the alternatively spliced connecting segment of fibronectin 
(XIXCS) (Oarcia-Pardo, 1987, Biochem. J., 241:923-928) and it 
is therefore derived from the A chain. The 38 kOa fragment 
does not contain the REDV adhesion site recognised by B16-F10 
28 melanoma cells (Humphries et al., 1986, supra* Humphries et 
al., 1987, supra). The 58 kDa fragment is also derived from 
the B chain of fibronectin and lacks the XIXCS region 
(Garcia-Pardo, et al., 1989, EMBO J., submitted). The 58 kDa 
fragment also contains the C-terminal fibrin binding domain 
30 of fibronectin (Fib XX) , and is similar to previously 

reported fragments from this region of plasma fibronectin 
(Click, 2. M., and Bali an, 0. 1985, Biochem., 24:6685-6696). 
The bands are visualised by a silver strain. 
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Figure 6. Adhesion of hematopoietic cells to plasma 
fibronectin and the purified 38 kDa and 80 kDa tryptic 
fragments of plasma fibronectin. 

51 Cr-labeled K562 (erythroleukemia) , Jurkat (CD3+ T 
lymphocyte) and YT (CDS* T lymphocyte) cells (l0 5 /ir«U> were 
8 allowed to adhere to plastic surfaces that had been coated 
with intact plasma fibronectin (pFN) or the p- -ified 80 kDa 
and 38 kDa tryptic fragments at the indicate concentrations 
for 2 hours at 37* C. At the end of this time non-adherent 
cells were washed off and the bound cells were solubilized in 
10 SDS/MaOH and quant itated. The results are expressed as bound 
5l Cr cpm. 

Figure 7. Effect of the monoclonal antibodies P1D6 
and P4C2 to the integrin receptors <*5fll and aAfil 
(respectively) on adhesion of T lymphocytes to intact plasma 
15 fibronectin (pFN) or the purified 80 kDa and 38 kDa tryptic 
fragments. 

51 Cr-labeled Molt 4 cells were incubated with 
purified P1D6 or P4C2 monoclonal antibodies (50 pg/ml) or 
purified mouse IgC (50 ng/nl) for 1 hour at 4* C. They were 
20 then allowed to adhere to plastic surfaces that had been 
coated with intact plasma fibronectin, or the 80 kDa and 38 
kDa tryptic fragments at the indicated concentrations for 1 
hour. At the end of this time the non-adherent cells were 
washed off and the adherent cells were solubilized and bound 
28 51 Cr cpm were quantitated in a gamma counter. The results 
are expressed as bound cpm. 

Figure 8. Effect of CS-1 B12 peptide on T 
lymphocyte adhesion to IL-1J Activated HUVE cells. 

Figure 9. 

30 (a) Diagram of the III CS and CS-1 regions. 

(b) Amino acid sequence of CS-1, A13, and 

B12. 



W09I/B32S2 



PCI7US90/04978 

-17- 



3. DETAILED DESCRIPTION OF THE IHVEWTION 
In experiments designed to examine the function of 
a5ffl in lymphocytes, it wa» observed that resting peripheral 
blood and cultured T lymphocytes (Molt 4 or Jurkat) expressed 
an affinity for f ibronectin independent of the prototype 

5 f ibronectin receptor, <*5pl. Although these cells attached to 
fibronectin-coated surfaces they expressed low or 
undetectable levels of *3fil recognised by the functionally 
defined scnoclonal antibody, P1D6 (Wayner et al., 1988, J. 
Cell Biol. 107; 1881-1891) . Purthenore, T lymphocyte 

0 adhesion to fibroneetin could only be partially inhibited by 
P1D6 or RGD containing peptides suggesting the involvenent of 
other receptors for fibroneetin in the adhesion process. 
Alternatively, adhesion of other cells to fibroneetin, such 
as malignant or transformed fibroblasts and activated T 

8 lymphocytes (LAK cells) could be completely inhibited by 
P1D6. This suggested that resting peripheral blood T 
lymphocytes and cultured T cell lauxemias express multiple 
independent and functional fibroneetin receptors. 

According to the present invention, an alternative 

10 fibroneetin receptor was identified by preparing monoclonal 
antibodies that specifically inhibited the adhesion of T 
lymphocytes but not other cells to fibroneetin. This 
receptor was identical to the integrin receptor, a401, and 
mediated the attachment of peripheral blood lymphocytes, 

* cultured T cell lines and RD cells to plasma fibroneetin. 
Furthermore, T lymphocytes expressed a clear preference for a 
38 JcDa tryptic fragment of plasma fibroneetin (Garcia-Pardo 
et al., 1987, Biochem. J., 241x923-928) containing the 
Heparin XX domain and 67 amino acid residues of the type III 

* connecting segment (IXXCS) spanning the CS-1, CS-2 and CS-3 
regions defined by Humphries et al., 1986, J. Cell. Biol., 
103 s 2637-2647 1 Humphries et al., 1987, J. Biol. Chem., 
262x6886-6892). According to the present invention, T 
lymphocytes were found to attach only to CS-1 and monoclonal 
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antibodies to a*fil (P3E3, P4C2 P4G9) completely inhibited T 
lymphocyte adhesion to the 38 kOa fragment and to CS-l. T 
lymphocytes were also found to attach (with such lower 
affinity) to a aite present in the Heparin II domain and 
monoclonal antibodies to o4fil also inhibited this interaction. 
The functionally defined monoclonal antibodies to oAfll did not 
inhibit T lymphocyte adhesion to an 80 kDa tryptic fragment 
of plasma fibronectin containing the ROD sequence, whereas 
antibodies to aifll (the prototype fibronectin receptor) 
completely inhibited this interaction. 

In addition, the present invention relates to the 
discovery that the o4jl receptor mediates the interaction 
between lymphocytes and endothelial cells. According to the 
invention, antibodies or peptides can be used to block the 
adhesion of lymphocytes to endothelial cells. 
18 For purposes of clarity of disclosure, and not by 

way of limitation, the present invention will be described in 
the following subsections. 

i) Preparation of antibodies to 
extracellular matrix receptors (ECMRs) ; 

ii) characterization of the ECMR-ligand 
interaction; 

iii) Methods of intervening in cell adhesion; 

iv) Utility of the invention; and 

v) Peptides and antibodies of the 
28 invention. 

S.l. PREPARATION OP ANTIBODIES TO 

EXTRACELLULAR MATRIX RECEPTORS 

Preparation of antibodies to extracellular matrix 

30 receptors may be performed using any method for generating 

antibodies known in the art. Intact cells, or purified 

extracellular matrix receptor (ECMR) may be used as 
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imaunogen. Immunisation of a host is preferably performed 
using immunogen obtained from a xenogeneic source. 
Antibodies say be polyclonal or monoclonal. 

Various procedures known in the art may be used for 
the production of polyclonal antibodies to epitopes of a given 
ECMR. For the production of antibody, various host animals 
can be immunized by injection with an ECMR protein, or a 
synthetic protein, or fragment thereof, or, alternatively, 
intact cells »ey be used. Various adjuvants may be utilized 
to increase the immunological response, depending on the host 
species, and including but not limited to Freund's (complete 
and Incomplete) , mineral gels such as aluminum hydroxide, 
surface active substances such as lysolecithin, pluronic 
polyols, polyanions, peptides, oil emulsions, keyhole limpet 
hemocyanins, dinitrophenol , and potentially useful human 
adjuvants such as BCG (bacille Calmette-Guerin) and 
Corynebacterlum parvum . 

A monoclonal antibody to an epitope of a ECMR can 
be prepared by using any technique which provides for the 
production of antibody molecules by continuous cell lines in 
culture. Thsss include but ara not limited to the hybridoma 
techniques originally described by Kohler and Mi 1st* in (1975, 
Nature 256 : 495-497) and Taggart and Samloff (1983, Science 
219:1228-1230), and the more recant human B call hybridoma 
technique (Kozbor et al., 1983, Immunology Today 4:72) and 
EBV-hybridoma technique (Cole et al., 1985, Monoclonal 
Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). 

The monoclonal antibodies for therapeutic use may 
be human monoclonal antibodies or chimeric human-mouse (or 
other species) monoclonal antibodies. Human monoclonal 
antibodies may be made by any of numerous techniques known in 
the art f s.q. . Teng et al., 1983, Proc. Natl. Acad. Sci. 
U.S.A. 80:7308-7312; Kozbor et al., 1983, Immunology Today 
4:72-79: Olsson et al., 1982, Meth. Enzymol. 92:3-16). 
Chimeric antibody molecules may be prepared containing a mouse 
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antigen-binding domain with human constant regions (Morrison 
•t al., 1984, Proc. Natl. Acad. Sci. U.S.A. 81:6851, Takeda et 
al., 1985, Natura 314:452). — 

A molecular clone of an antibody to an ECMR epitope 
can be prepared by known techniques. Recombinant DMA 
methodology (see e.g., Maniatis et al., 1982, Molecular 
Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory, 
Cold Spring Harbor, New York) may be used to construct nucleic 
acid sequences which encode a monoclonal antibody molecule, or 
antigen binding region thereof. 

Antibody molecules may be purified by known 
techniques, e.g. . immunoabsorption or immunoaf finity 
chromatography, chromatographic methods such as HPLC (high 
performance liquid chromatography), or a combination thereof, 
etc. 

Antibody fragments which contain the idiotype of 
the molecule can be generated by known techniques. For 
example, such fragments include but are not limited to: the 
F(ab') 2 fragment which can be produced by pepsin digestion of 
the antibody molecule; the Tab' fragments which can be 
generated by reducing the disulfide bridges of the F(ab') 2 
fragment, and the 2 Fab or Fab fragments which can be 
generated by treating the antibody molecule with papain and a 

reducing agent. 

Likewise, antibodies which are reactive with ECMRs 

29 produced by the above methods may be identified and selected 
by any technique known in the art. For example, antibodies 
■ay be shown to bind to and/or immunoprecipitatr a known ECMR 
which has been purified or otherwise separated xrom other 
proteins, as in a polyacrylamide el. Alternatively, 

30 antibodies to ECMRs may be identified by their ability to 
compete with previously known ECMR antibodies for binding to 
ECMRs. Antibodies which bind to ECMRs may also be identified 
by their ability to block an ECKR/ligand interaction. For 
example, and not by way of limitation, cells bearing an ECMR 
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receptor which binds to fibronectin (which need not, itself , 
have bttn identified or characterized, but merely functionally 
defined) Bay be shown to adhere to a substrate coated with 
fibronectin. If an antisera or hybridoma supernatant may be 
shown to inhibit the adherence of cells to the substrate, the 
antibodies contained in antisera or supernatant may recognize 

the ECMR receptor. 

According to the invention, antibodies which 
recognize the »401 receptor may be prepared by the methods 
outlined supra . In a preferred embodiment of the invention, 
monoclonal antibodies directed toward aifil may be produced as 
follows: mice obtained from RBF/DN mice may be immunized with 
about 100 m1 of packed T lymphocytes ; their spleens may 
subsequently e removed and fused with myeloma cells, for 
example, NS-1/FOX-NY myeloma cells, as described by Oi and 
Herzenberg (1980, in 'Selected Methods Zn Cellular 
Immunology,* Mishell and Shiigi, eds, Preeman and Co., San 
Francisco, pp. 331-373) and Taggart and Samloff (1983, Science 
219)1228-1230). Viable heterokaryons may then be selected in 
RFM1 1640 media supplemented with 

adenine/aminopter in/ thymidine. Rybridomas producing antibody 
directed toward lymphocyte ECMRs may be screened by adhesion 
to fibronect in-coated surfaces and cloned by limiting 
dilution, in particular, antibodies directed toward aifil may 
be identified, for example, by the ability to block adherence 
of lymphocytes to substrate coated with CS-1 peptide or its 
derivatives, or to endothelial cells. Antibodies which 
recognize a*fil will not, however, inhibit the binding of cells 
bearing the eS01 receptor to RGD-peptide coated substrate. 
Alternatively, antibodies directed toward aAfil, may be 
identified by their ability to i) competitively inhibit the 
binding of known anti-e4*l» antibodies (such as P4C2 or 
P4C10), or ii) bind to the same protein as known anti-a4£l, 
antibodies (e.g. in a protein gel, Western blot, or in 
sequential immunoprecipitation experiments). 
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3.2. CHARACTERIZATION OF THE ECMR/LIGAND INTERACTION 

The interaction between an extracellular membrane 
receptor may be characterized, for example, and not by way of 
limitation, by the following methods: 

i) Determination of receptor distribution 
and function; 

ii) Intervention in receptor/ligand binding; 

iii) Isolation and chemical characterization of 
receptor and/ or ligand. 

These methods will be described more fully in the three 
following subsections. 
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5.2.1. DETERMINATION OP RECEPTOR DISTRIBUTION AND FUNCTION 
According to the methods of the invention, receptor 
distribution may be determined using any method known in the 
art. For example, and not by way of limitation, cell 
populations bearing the ECMR may be identified using 
monoclonal antibodies directed toward the ECMR of interest. 
Binding of antibody to the ECMR may be detected using 
immunohistochemical techniques such as immunofluorescence and 
immune peroxidase staining. Alternatively, populations of 
cells bearing the ECMR of interest may be collected using 
fluorescence-activated cell sorting techniques. 

Because there appears to be a specific 
reorganization of cell surface adhesion receptors to the focal 
adhesions when cells are grown on the appropriate ligands 
(Burridge et al., 1988, Ann. Rev. Cell Biol. 4:487-525), one 
method for characterising the functional interaction between a 
given receptor and a potential ligand involves determining 
whether the ECMR of interest distributes into the focal 
adhesions formed between cell and ligand substrate. For 
example, and not by way of limitation, a401 may be shown to 
interact with fibronectin in a receptor/ligand relationship by 
the following method (see also section 6.2.3., infra) . 
Lymphocytes may be allowed to adhere to a fibronectin 
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substrata, and tha focal adhasions batwaan calla and substrata- 
■ay ba visualised by intarfaranea raflaxion sicroscopy (Iczard 
at al., 1976, J. Call Sci. 21:129-159). Antibodies which 
recognize a401, such as P4C9 or P4C10, may ba usad to ahow, 
using standard iamunohistochamical techniques, a.g. fluoro-iso 
thiocyanata, that in tha absence of serum, o4*l radistributas 
into the focal adhasions. 

Interaction batwaan ECMR and ligand may also ba 
characterized by tasting for tha ability of tha ECMR to adhere 
to a variety of different substrates. For example, a cell 
type of interest or an ECMR of intarst aay be tested for the 
ability to bind to substrates consisting of purified 
components of the extracellular matrix, such as fibronectin, 
collagen, vitronectin or laminin. In a specific eabodiaent cf 
the invention, cells bearing the a401 aay be shown to adhere 
to fibronectin, but not to collagen or laainin substrates as a 
result of the aAfil/ fibronectin interaction. 

In further eabodiaents of the invention, in which 
an ECMR of interest is shown to bind to a particular protein 
ligand, substrates bearing subfragaents of the protein ligand 
aay be tasted for the ability to bind to an ECMR on the 
surface of cells, thereby permitting the localization of the 
binding site between ECMR and ligand. In a specific 
eabodiaent of the invention, in which the receptor is a*fil, 
which has been determined to bind to fibronectin (supra) , 
25 substrates bearing subfragaents of fibronectin aay be tested 
for their ability to bind a4*l-bearing cells, as exeaplifled 
in Section 6, infra . Although T lymphocytes attached to the 
BO kDa cell binding domain of fibronectin bearing the o4Jl, 
receptor (Figure 5A) they demonstrated a clear preference for 
an non-RCD containing region located on a 38 kDa tryptic 
fragment derived froa the A (or heavy) chain of plasma 
fibronectin. T lymphocytes also recognised and bound to 
another Rep II containing 58 kDa fragment. However, the high 
affinity lymphocyte binding site was located on the 38 kDa 
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fragment. On a aolar basis, tha 38 kDa fragaant was thraa 
tiaas mora af fieiant than tha 58 kDa fragaant in mediating T 
lyaphecyta adhasion. As shown in Pigura 5X tha 38 kDa and 58 
kDa fragaants vara darivad from tha A and B chains of plasma 
fibronactin, raspactivaly. Thay ttarafora diffar in tha 
prasanca or absanca of IIICS (Xornblihtt at al., 1985, supra; 
Garcia-Pardo, 1987, supra ). Thus, it is possibla that tha 38 
kDa and 58 kDa fragments usad hara shara a common low 
affinity T lynphocyta binding sita, locatad in tha Rap II 
domain, and that additional high affinity T lymphocyta 
adhasion sitas ara prasant in tha IIICS ragion uniqua to tha 
38 kDa fragmant. In fact, T lyaphocytas appaar to 
spacifically racognisa and bind to CS-1, which has baan 
dafinad as a high affinity adhasion sita for B16 a<?i*noma 
calls and avian noural crast calls (Huaphriss at al., 1987, 
supra ; Huaphrias at al., 1«88, J. Call Biol., 106:1289-1297; 
Dufour at al., 1988, EMBO J., 7:2661-2671). CS-1 is a ragion 
of aolacular hataroganaity (ganaratad by altarnativa 
splicing) prasant in tha typa III CS doaain on tha A chain of 
plasaa fibronactin. 



5.2.2. INTERVENTION IM RECEPTCR/LICAND BINDING 
Tha ECMR/ligand ralationship may ba furthar 
characterized by identifying and avaluating aganta which 
intarfara with racaptor/ligand binding. 

25 For axaapla, antibodias diractad to an ECMR of 

intarast aay ba usad to inhibit ligand/racaptor binding. 
Civan tha obsarvation that a particular call typa adharaa to 
a givan ligand or callular substrata, it aay ba of intarast 
to idantlfy tha ECMR involvad in tha intaraction. A panal of 

30 aonoclonal antibodias, aach diractad toward a diffarant ECMR, 
aay ba tastad for tha ability to block tha adharanca of calls 
to substrata. Inhibition of binding by a particular antibody 
would suggast that tha ECMR racognisad by that antibody is 
involvad in tha adhasiva intaraction. In a spacific 
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embodiment of the invention, lymphocyte adherence to 
endothelial colls in culture may bo inhibited by antibodies 
directed toward aAfil, but not by antibodies directed toward a 
variety of other ECMRs (see Section 7, below), indicating 
that oAfil, is necessary for. lymphocyte adhesion to endothelial 
cells. Additionally, monoclonal antibodies may be used to 
determine the relationship between ECMR and ligand substrate. 

As exemplified in section 6, infra . T lymphocyte 
adhesion to the 38 and 58 kDa fragments could be completely 
inhibited by functionally defined monoclonal antibodies to 
o40l. Furthermore, T lymohocyte adhesion to CS-1 (IgG 
conjugate) coated surfaces could also be completely inhibited 
by P4C2, P3E3 or P4C9. These data show clearly that aAfll is 
the T lymphocyte receptor for CS-1. In contrast, these 
antibodies failed to inhibit adhesion of T cells to the 80 
kDa fragment containing the prototype adhesion sequence arg- 
gly-asp (RGDJ. Adhesion of T cells to the 80 kDa fragment 
could be completely inhibited by a monoclonal antibody to a50i 
(P106) or by RODS. P1D6 and RGDS failed to inhibit T 
lymphocyte adhesion to the 38 and 58 kDa fragments or to CS- 
1. Together, these data show that <*Apl functions as the 
receptor for the carboxy terminal adhesion domain of plasma, 
f ibronectin receptor for alternative adhesion sequences in 
II ICS (CS-1) and possibly Hap XX. 

In further embodiments of the invention, the 
ECMR/ligand relationship may be characterized by determining 
the structure of the ligand. In particular, the ability of 
agents to compete with ligand in the ECMR/ligand interaction 
■ay be evaluated. For example, where the ligand is a 
protein, various fragments of the protein may be tested for 
their ability to competitively inhibit receptor/1 igand 
binding. Xn a particular embodiment of the invention, in 
which lymphocytes are observed to bind to endothelial cells 
es well as to f ibronectin, peptide fragments of f ibronectin 
■ay be tested for the ability to competitively inhibit the 
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binding of lymphocytes to endothelial coll substrate. As 
exemplified in Soction 7, infra . CS-1 peptide, and, in 
particular, tho peptide EILOVPST waa abla to competitively 
inhibit tho binding of lymphocytes to fibronactin and to 
andotholial calls, thereby localizing tha binding aita on the 
ligand to a ragion identical or homologous to EILOVPST. 

5.3. METHODS OP INTERVEHIWC IN CE LL ADHESION 
According to tha invention, adherence of one cell to 
another nay be inhibited by intervening in the ECMR/ ligand 
interaction. In. a particular embodiment of the invention, 
the binding of lymphocytes to endothelial cells may be 
inhibited by interfering with the binding of o4*l to its 
ligand. This may be accompli shad by using antibodies 
directed toward the ECMR, or, alternatively, to its ligand 
(antibodies nay be generated toward ligand in a Banner 
analogoua to that described in Section 3.1). In alternate 
embodiments of the invention, peptides which inhibit the 
binding of o4fil to its ligand aay be used to, in turn, 
inhibit adherence of lymphocytes to endothelial calls. 

In a specific embodiment of the invention, 
anti-e4Jl antibody, or a fragment or derivative thereof, 
may be used to inhibit the binding of lymphocytes bearing 
aAfil receptors to vascular andotholial cells. In preferred 
embodiments, the antibody is a monoclonal antibody, in 
particular antibody P4C2 («4J1) or P4C10 (01), or fragments 
or derivatives thereof, including chimeric antibodies with 
the same binding specificities. 

Zn additional embodiments of the invention, 
peptides may be used to inhibit the binding of lymphocytes 
bearing aifil receptors to vascular endothelial cells. In a 
preferred embodiment, the peptide comprises at least a 
portion of the sequence of the IIICS variable region of 
fibronactin. In a more preferred embodiment, the peptide 
comprises at least a portion of the CS-1 peptide as defined 
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by Humphries et al., (1987, J. Biol. Cham. 262:6886-6892), 
which is incorporated by reference in its entirety herein, or 
a paptida substantially homologous to it. In a most 
prafarrad embodiment, tha paptida comprises at laast a 
portion of tha sequence EILDVPST, or a saquanca substantially 
homologous tharato. 

5.4. UTILITY OF THE INVENTION 
According to tha invention, tha adharanca of ona 
call to anothar may ba inhibited by inter faring in tha 
binding batwaan tha ECMR and its ligand. In particular 
embodiments of tha invention, tha adharanca of lymphocytes to 
andothalial calls nay ba inhibited by interfering with the 
binding of aifil on lymphocytes to its ligand on the 
endothelial cell surface. According to the invention, the 
interaction of additional ECMR with endothelial cell ligands, 
and the inhibition of adhesion of these cells to endothelium 
by interfering with the ECMR/endothelial cell interaction is 
envisioned. For example, the adhesion of macrophages to the 
endothelium may also be inhibited by intervention in the 
macrophage ECMR/endothalial call interaction. Likewise, 
melanoma calls, which also recognise the CS-1 peptide, may ba 
inhibited from metastasizing and entering tissues using the 
peptides or antibodies of the invention. 

The method of the invention is therefore useful in 
preventing the egress of lymphocytes through the vascular 
endothelium and into tissue. Accordingly, the present 
invention provides for a method of suppressing the immune 
response in human patients in need of such treatment. In 
particular embodiments, the present invention provides for 
methods of treatment of diseases associated with chronic or 
relapsing activation of the immune system, including collagen 
vascular diseases and other autoimmune diseases (such as 
systemic lupus erythematous and rheumatoid arthritis), 
multiple sclerosis, asthma, and allergy, to name but a few. 
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The preaent invention alao providee for methoda of treatment 
of relatively acuta activations of tha innauna ayatea in 
patianta in naad of auch treatment, including, for example, 
and not by way of limitation, graft varaua hoat diaeaae, 
allograft raj action, or trenafusion reaction. 

Depending on the nature of the patient's disorder, 
it may be desirable to inhibit lymphocyte migration into 
tissues systemically or, alternatively, locally. For 
example, in diseaaea involving multiple organ ayatema, auch 
as systemic lupus erythematosis, it may be deairable to 
inhibit lymphocyte adheaion ayatemically during a clinical 
exacerbation. However, for a localized contact dermatitia, 
it may be preferable to restrict migration of lymphocytes 
only into those tissuaa affected. 

Control of systemic versus localised uae of the 
methoda of the preaent invention may be achieved by modifying 
the compositions of antibodiea or peptides adminiatered or by 
altering the structure of these agents or their pharmacologic 
compositions. For example, the antibodies or peptides of the 
invention may be administered by any route, including 
20 subcutaneous, intramuacular, intravascular, intravenous, 
intraarterial, intrar al, oral, intraperitoneal, rectal, 
intratracheal, or intrathecal. However, to achieve local 
inhibition of lymphocyte adheaion to endothelium, it may be 
desirable to administer the antibodies or peptides of the 
25 invention, in therapeutic amounts and in a suitable 

pharmacologic carrier, subcutaneously or intramuscularly. 
Alternatively, to achieve systemic inhibition of lymphocyte 
adhesion, it may be desirable to administer the antibodies or 
peptides intravenously. 
30 In various embodiments of the invention it is 

advantageous to use a pharmacologic carrier which facilities 
delivery of the antibodies, peptides, etc. of the invention. 
For example, when antibodiea, raptides, etc. are to be 
delivered to the akin (e.g. for the treatment of chronic 
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inflammatory daraatologic conditions) , • pharmacologic 
carrier which aids in the penetration of tha cuticle, 
epidermis, and dermis nay ba advantageous. 

Oissaaination of tha paptidaa or antibodiaa of tha 
invantion may also ba controlled by altering tha half-life of 
tha paptida or antibody, or ita affactiva half-lifa. For 
exaaple, tha paptidaa of tha invantion nay have a ralativaly 
ahort half Ufa; if thaaa paptidaa vara adainiatered in a 
suatainad release implant, tha araa of tiasua adjaeent to tha 
implant would ba axposad to paptida, (a.g. a joint in a 
rhauaatoid arthritis patiant) wharaaa tha paptida say ba 
degraded *»afora raaching aore distant tissues. 
Alternatively, if the peptide ia modified to achieve a longer 
half-life by cheaical aodificationa to produce derivativea, 
including but not limit ad to aaino acid substitutions, 
glycosylations, substitution of enantiomeric variants (i.e. 
D-enantioaers of constituent aaino acids), addition*, etc., 
the peptide is mora likely to be widely distributed at 
austained levels. As further examples the M-terainus or C- 
terainus of the peptides may be modified to result in greater 
stablility. 

In additional embodiments, the antibodiaa or 
peptides of the invention may be conjugated to antibodies or 
other Uganda which aight direct the antibodies or peptides 
to specific tissues. For example, and not by way of 
limitation, peptides of the invention may ba conjugated to 
antibodies targeted toward endothelial cells. Furthermore , 
antibodies Bay be produced which mimic the ECMR, and thereby 
attach to endothelial cell ligands, blocking lymphocyte 
adhesion. 

3.3. PEPTIDES AND ANTIBODIES OF THE INVENTION 

The peptides of the invention include any peptide 
which is capable of interacting with the ECMR of interest. 
In a specific embodiment of the invention, any peptide which 
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is capable of interacting with the a4fil receptor say be used 
to inhibit tha binding of lymphocytes to endothelium. 
Preferably, thaaa peptides nay ba shown to inhibit adhesion 
of lymphocytes to endothelium in vitro prior to in vivo use. 
In -a preferred embodiment of the invention, the peptides 
comprise at least a portion of tha fibronectin IIICS region. 
In a more preferred embodiment, the peptides comprise at 
least a portion of the CS-1 peptide sequence, or a sequence 
substantially homologous to the CS-1 sequence as presented in 
Figure 9(a) and (b) . In a most preferred embodiment, the 
peptides of the invention comprise at least a portion of the 
sequence EILDVPST or a peptide sequence substantially 
homologous thereto. 'Substantially homologous" should ba 
construed to mean that the peptides of the invention may be 
alterations of the specified sequence such that a 
functionally equivalent amino acid is substituted for one or 
more amino acids in the peptide sequence, thus producing a 
silent change. Por example, one or more amino acid residues 
within the sequence can be substituted by another amino acid 
of a similar polarity which acts as a functional equivalent. 
Substitutes for an amino acid within the sequence may be 
selected from other members of the class to which the amino 
acid belongs. Por example, the non-polar (hydrophobic) amino 
acids include alanine, leucine, isoleucine, valine, proline, 
phenylalanine, tryptophan and methionine. The polar neutral 
amino acids include glycine, serine, threonine, cysteine, 
tyrosine, asparagine, and glutamine. The positively charged 
(basic) amino acids include arginine, lysine, and histidine. 
The negatively charged (acidic) amino acids include a apart ic 
and glutamic acid. In addition, as discussed in Section 5.3, 
the present invention also relates to derivatives of the 
abovementioned peptides. 
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Antibodies of th« invention, produced and defined as 
described supra , include aonoclonal as well as polyclonal 
antibodies and fragaents and derivatives thereof, including 
the F(ab') 2 , Fab', and Fab fragments. 



6. EXAMPLE: IHOENTIFZCATZON AND CHARAZTERXZATION 
OF THE LYMPHOCYTE ADHESION RECEPTOR FOR AN 
ALTERNATIVE CELL ATTACHMENT DOMAIN IN PLASMA 
FIBRONECTIN 

The following experiments have described a new 
flbronectin receptor which appears to be identical to the 
integrin receptor aAfil (Healer et al., 1987, supra), 
preferentially expressed by nucleated heaatopoietic cells. 
Identification of aifil as a specific fibronectin receptor was 
based on (i) inhibition of cell adhesion to fibronectin by 
aonoclonal antibodies (P4C2, P3E3 and P4G9), and (ii) 
specific reorganisation and concentration of a4/fl into 
fibronect in-dependent focal adhesions. These findings 
suggest that aAfil and aSfil, the prototype fibronectin receptor 
function together as primary mediators of cell adhesion to 
fibronectin. 

6.1. MATERIALS AND METHODS 
6.1.1. REAGENTS 

Phenylaethyl sulfonyl fluoride, n-ethylaaleiaide, 
leupeptin, diisopropyl fluorophosphate, 2-aercaptoethanol , 
bovine sens albumin (BSA), Triton X-100, Protein A- Agarose, 
soybean trypsin inhibitor, and V8 protease (from 
Staphylococcus aureus, strain V8, protease type XVII) were 
purchased from Sigma Chemical Co. (St. Louis, MO) . 
Lacteperoxidase and glucose oxidase were froa Calbiochea (San 
Diego, CA). TPCK-trypsin was froa Cooper Biomedical, 
Malvern, PA. Fluerescein-conjugated (goat) anti-mouse igG 
and ZgM (H and L chains) or rhodaaine-conjugated (goat) 
anti-rabbit IgG and IgM (H and L chains) were obtained froa 
Tago, Inc. (Burlingaae, CA) . R-phycoerythr in-conjugated 
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strepavidin vaa from Bioseda (Foater City, CA) . Rabbit 
anti-mouae ZgG (H+L) antiaerum vaa obtainad from Cappal 
(Cooper Biomedical, Malvern,. PA). 51 Cr-aodium chromate was 
from Nav England Nuclaar. 125 1 waa from Ameraham (Arlington 
Ht*., IL). Human racombinant interleukin-2 (IL-2) vaa a 
ganarous gift from Dr. D. Urdal (Immunax Corp. , Seattle, WA) . 
Laminin vaa purchaaad from Collaborativa Research, Inc. 
Bedford, MA) and purified plaama fibronoctin and collagan 
Typaa Z and ZZZ vara praparad aa pravioualy daaeribad 
(Waynar, E. A. and Carter, W. 6., 1987, aupra and Waynar at 
al., 1988, aupra ) . 

6.1.2. CELLS AND CELL CULTURE 
RO (Human rhabdomyoaareoma) and HT1080 (human 
fibrosarcoma) calla vara obtainad from tha Amariean Typa 
Cultura Collection (Rockville, MD) . Paripharal blood 
mononuelaar call (PBHC) , platelet and granulocyte populations 
from normal human donors vara praparad as described (KunicJci 
at al., 1988, supra; Waynar at al., 1988, supra). Paripharal 
blood calls froa patiants vith acuta lymphocytic, large 
granular lymphocyte (LCL) or myelogenous leukemia vare 
obtained from Dr. Z. Bernstein and Dr. T. Loughran (Fred 
Hutchinson Cancar Research Center). Human lymphokine (500 
U/ml IL-2) activated killer (LAX) calls and tha monoclonal 
HLA B7 specific human cytotoxic T lymphocyte (CTL) call line, 
C1C4, vara praparad according to standard protocols (Grimm at 
al., 1982, J. Exp. Nad., 155:1923-1941; Glasabrook, A. L. and 
Fitch, F. W. , 1980, J. Exp. Mad., 151:876-895; Brooks, 1983, 
Nature, 305:155-158; Waynar, E. A. and Brooks, C. G. , 1984, 
J. Immunol., 132:2135-2142; Waynar, E. A. and Cartar, w. G., 
1987, J. Call Biol., 105:1873-1884). The EBV transformed B 
lymphocyte call line (BLCL) , ST-1, vaa derived from the donor 
splaan used in tha production of tha C1C4 CTL line. All 
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other call lines and call culture conditions were as 
previously described (Wayner, B. A. and Cartar, W. G. , 1987, 
supra t Wayner at al., 1988, supra). 

6.1.3. ANTIBODIES 
5 A rabbit polyclonal antibody, AB33, praparad against 

tha cytoplasmic doaain of tha fibronactin raceptor, *Sfil, was 
usad to datact e5*l in focal adhaaiona. Monoclonal antibodies 
A1A5, against tha coaaon intagrin (Hynas, R. O., 1987, supra) 
01 subunit of ths VIA family of racaptors (Healer, M. E. , 

10 1988, supra ) and B5-C10 to tha VIA 4 a subunit (Healer at al., 
1987, supra ) vara obtainad froa Dr. Martin Healer of tha 
Dana-Farber Cancar Inst. , Boston, MA) . Monoclonal antibodias 
to tha intagrin racaptors «3J1 (P1B3) , «2J1 (P1H3) and aSfil 
(P1D6) hava baan dascribad and vara davalopad in this 

18 laboratory. P1H3 and P1D« inhibit fibroblast and platelet 
adhasion to col lagan and fibronactin-coatad substrata*, 
raspactivaly (Waynar, E. A. and Cartar, W. C, 1987, supra: 
Kunicki at al., 1988, supra ; Waynar at al., 1988, supra). 
Monoclonal antibodias to lyaphocyte adhasion 

20 racaptors vara produced by tha methods of oi and Herzenberg 
(Oi, V.T. and Hersenberg, L.A. 1980, Immunoglobulin producing 
hybrid call Unas. Im selected M athods in Cellular 
Immunology. Ed. bv B.B. Mishall and 8.M. Shiial. W.H. 
Freeman and Co.. San Francisc o, pp. 351-373) and Taggart and 

28 Saaloff (Taggart, R.T. and Saaloff , I.M., 1983, Scianca, 219, 
1228-1230) as dascribad (Waynar and Cartar, 1987 1 Waynar, at 
al., 1988). Spleens froa RBP/DN aica immunized with 100 *»1 f 
packed T lyaphocytas vara raaovad and fused with NS-1/F0X-NY 
ayaloaa calls. Viable heterokaryons vara salactad in RPMl 

30 1640 supplemented with adanina/aainoptarin/thyaidina (Taggart 
and Saaloff, 1983). Hybridoaas producing antibody directed 
to lymphocyte adhasion receptors vara screened by specific 
inhibition of lymphocyte adhasion to fibronactin-coatad 
surfacas and clonad by limiting dilution. 
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Although A1A5 (Hemler et al., 1987, J. Biol. Chen. 
262:3300-3309) reacts specifically with the fil subunit of the 
integrin receptors, and has-been reported to inhibit cell 
adhesion, TaJceda at al. (1988, J. Cell. Biochem. 37:385-393), 
this reagent has never been observed to inhibit adhesion of 
lymphocytes to any surface. Therefore a functionally defined 
anti-01 monoclonal antibody, P4C10, was produced using the 
previously described techniques ( supra ) and by screening 
inhibition of cell adhesion to multiple ligands. P4C10 has 
been shown to inhibit adhesion of cells to fibronectin, CS-1, 
10 collagen and laminin coated surfaces and reacts with fil by 
standard biochemical criterion. 

6.1.4. INHIBITION OF CELL ADHESION TO INTACT 
FIBRONECTIN AND FIBRONECTIN FRAGMENTS 

IS Antibodies that would alter cell adhesion to 

purified plasma fibronectin, tryptic fragments and CS 
peptides were identified as previously described (Waynar and 
Carter, 1987). Briefly, 48 well virgin styrene plates were 
coated with human plasma fibronectin (5 pl/ml) . The plates 

20 were blocked with PBS supplemented with 10 mg/ml heat 
denatured BSA (HBSA) . T lymphocyte or HT1080 cells were 
labeled with Na 2 51 Cr0 4 (50 jilCi/ml for 2-4 hr) , washed, and 5 
X 10* HT1080 or cultured T cells or 5 X 10 10 PBL/v«ll were 
incubated with hybridoma culture supernatant* (1:2 dilution 

25 in PBS supplemented with 1 mg/ml heat denatured BSA) or 
control myeloma cell culture supernatant for 15 minutes at 
room temperature. The cells were allowed to adhere to the 
protein-coated surfaces in the presence of the hybridoma 
supernatants for 15-30 minutes (HT1080) or 2-4 hours 

30 (lymphocytes) at 37 *C. Non-adherent cells were removed by 
washing with PBS, and the adherent cells were dissolved in 
SDS/NaOH and bound 51 Cr-cpm were quantitated in a gamma 
counter. 
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6.1.5. IMMUNE PRECIPITATION, AND SEQUENTIAL IMMUNE 

PRECIPITATION, V8 PROTEASE PEPTIDE MAPPING AND 
POLYACRYLAMIDE GEL ELECTROPHORESIS 

Viable calls vara aurfaca labalad with 125-iodina as 
daacribad (Waynar and Cartar, 1987) follovad by axtractlon 
with 1% v/v Triton X-1Q0 datargant or 0.3% CHAPS datargant in 
50 cM phoaphata buf farad aalina pH 7.2. In aoaa eaaaa laM 
CaCl. vaa addad to tha lyaia buf far. laM phanylaathyl 
aulfonal fluorida, laM N-athylaalaiaida, 1 mV«1 laupaptin and 
1 *g/al trypsin aoybaan inhibitor vara uaad aa protaaaa 
inhibitors. lamina pracipitation and aaquantial lamina 
pracipitationa vara perforaad axactly as pravioualy daacribad 
(Maynar and Cartar, 1987, aupra) . Paptida analyaia followed 
tha baaic procadura of Clavaland at al. (1977, J. Biol. Chan. 
252H102-1106 ) with aodificationa aa daacribad (Waynar and 
Cartar, 1987) . Polyacrylaaida alab gala containing aodiua 
dodacyl aulfata (SDS-PAGE gala) wara praparad following tha 
baaic atacking gal ayataa of Laaaali (1970, Natura' 227:680- 
685). 

6.1.6. PREPARATION OP TRYPTIC FRAGMENTS FROM 
20 HUMAN PXASMA FIBR0NECTIN AND SYNTHESIS 

OP CS PEPTIDES , 

Human plasma fibronoctin waa a ganaroua gift from 
Dra. Horowitt and R. Schulaan (Naw York Blood Cantar, NY) . 
Fibronactin waa digaatad with TPCK-trypain for 90 ain at 
25 37«c, and tha digast was fractionatad by affinity and ion- 
axchanga chromatography aa pravioualy daacribad (Garcia-Pardo 
•t al., 1987, Biochaa. J. 241:923-928; Garcia-Pardo at al., 
1989, Exp. Call Raa. 181:426-431). Two ovarlapping paptidaa 
spanning tha initial 48 raaiduaa of tha IIICS ragion of huaan 
30 fibronactin (CS-1 and CS-2) wara aynthaaizad and couplad to 
rabbit IgG aa daacribad (Huaphriaa at al., 1986, and 
Huaphriaa at al., 1987, J. Biol. Chaa. 262:6886-6892). 
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6.1.7. FLUORESCENCE ANALYSIS OF RECEPTOR E XPRESSION 
Expression of ECMRs on colls in suspension was 

analyzed by ono or two color flow cytometry on_an EPICS 750 
dual laser cell sorter (Coulter, Hlaleah, PL). Positive 
fluorescence was determined on a 3 decade log scale and 
fluorescence intensity (log PI) was expressed as mean channel 
number (0-2S5) . Background fluorescence for a non-immune 
mouse XgG negative control was determined for each cell 
population and subtracted. Adherent cells were trypsinized 
anc allowed to recover for 13 minutes at 37 'C in the presence 
of serum before use for flow cytometry. Por one or two-color 
fluorescence measurements, 10 6 cells in suspension were 
incubated for 30 minutes with protein G-Sepharose purified 
goat IgC (20 «>g/ml) and then with first stage antibodies at 
4*C for 60 minutes, washed in Hanks Balanced Salt solution 
containing 10 mg/ml HBSA and 0.02% sodium azide 
(Hanks/BSA/SA) and incubated with PITC-conjugated rabbit 
anti-mouse XgG for 60 minutes at 4*C in Hanks/BSA/SA. They 
were washed and fixed in cold 2% paraformaldehyde (prepared 
fresh) in PBS. Por two-color fluorescence purified and 
biotinylated monoclonal antibody was then added to the FITC- 
stained and fixed cells to a final concentration of 1 ug/ml 
in Hanks/BSA/SA and incubated at 4*C for 60 min. Prior 
fixation with 2% paraformaldehyde had little effect on 
expression of lymphocyte integrin receptors. The fixed cells 
were washed and incubated in 0.5 ml Hanks/BSA/SA containing 
phycoerythr in-conjugated strepavidin (Bionetics) at 1/50 
dilution for 30 min at 4 # C. Finally the stained cells were 
washed and fixed again in 2% paraformaldehyde in PBS and held 
at 4»C in the dark for analysis on the EPICS flow cytometer. 

6.1.8. LOCALIZATION OP RECEPTORS IN F OCAL ADHESIONS 
Adherent cells were trypsinized, washed in RPMI 

supplemented with 1 ug/ml BSA plus 100 ug/al soybean trypsin 
inhibitor and allowed to adhere to acid washed and silanized 
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glass cover slips coated with fibronectin, laainin or 
collagen (20 ug/al) in the absence of serua for 1-4 hour as 
described (Carter and Wayner, in preparation) . At the end of 
the incubation non-adherent cells were reaoved and adherent 
cells were fixed in 100 mM sodium cacodylate, 100 mM sucrose, 
4.5 an CaCl 2 , 2% formaldehyde for 20 ain. they were 
peraeabilised with 0.5% Triton X-100 for 5 ainutes, then 
washed and blocked with 25% goat serua in PBS. The 
peraeabilized cells were stained with antibodies to specific 
receptors (60 ainutes at room teaperaturs) , washed and 
incubated with either FITC-conjugated goat anti-mouse or 
rhodamine -conjugated goat anti-rabbit XgG (45 ainutes at room 
temperature) and washed again. The cover slips were inverted 
onto glass slides for fluorescence and interference reflexion 
microscopy (IRM) as described (Xzzard, S.C. and Lochner, 
L.R., 1976, J. Cell. Sci., 21, 129-159). 

6.1.9. TISSUE STAINING 
The distribution of the integrin receptors in tissue 
was deterained by fluorescence microscopy of cryostat 
sections. Cryostat sections (6 urn) were prepared from human 
skin, tonsil, or tumor samples embedded in OCT medium after 
snap freezing in isopentane/liquid nitrogen. All sections 
were fixed in 4% paraformaldehyde in PBS prior to incubation 
with priaary antibodies and secondary fluorescent antibodies 
as described (Carter and Wayner, 1988, J. Biol. Chea. 
263(4193-4201) . In control experiments, no fluorescence of 
rhodaaine was detected using the fluorescein filters or vice 
versa. 
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6.2. RESULTS 

6.2.1. IDENTIFICATION OF AN ALTERNATIVE 
FIBRONECTIN RECEPTOR 

Cultured T lymphocytes (Molt 4), K562, RD 

( rhabdomyosarcoma ) and HT1080 (fibrosarcoma) calls and 

8 f rashly darlvad PBL (not shown) adhered to fibronectin-coated 

surfaces (Figure l: open bars) . However, Molt 4 and RD 

cells expressed low or undetectable levels of the prototype 

fibronectin receptor (integrin aSfll) recognised by monoclonal 

antibody P1D6 (Figure 1: striped bars). Consistent with 

10 this, adhesion of Molt 4 and RD cells to fibronectin could 
not be completely inhibited by P1D6 (Figure 1: solid bars). 
Alternatively, adhesion of cells to fibronectin that 
expressed abundant aSfil (HT1080 and K362) could be effectively 
inhibited by P1D6. Furthermore, the synthetic peptide RCDS 

18 did not completely inhibit T lymphocyte adhesion to plasma 
fibronectin (50-70% for Molt 4 or Jurkat cello versus 80-90% 
for fibroblasts and 100% for K562-1 cells) . Together, these 
data suggested that some cells, such as T lymphocytes, 
express fibronectin adhesion receptors other than «501. 

20 He attempted to identify other putative fibronectin 

receptors by preparing monoclonal antibodies to cultured T 
lymphocytes and screening them for their ability to 
specifically inhibit lymphocyte but not fibroblast adhesion 
to fibronectin-coated surfaces. Using this protocol several 

28 monoclonal antibodies (P4C2, P3E3, P4G9) were identified that 
inhibited cultured T lymphocyte but not HT1080 cell adhesion 
to fibronectin (Table 3). 
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TABLE III 

SPECIFIC INHIBITION OF LYMPHOCYTE ADHESION TO PLASMA 
5 FIBRONECTIN BY MONOCLONAL ANTIBODIES P3E3, P4C2 AND PPG49 



10 



CELLS 



SP2 



"1D6 
(• 5 Bx) 



FIBRONECTIN ADHESION 
(% OF CONTROL) 
P3E3 P4C2 P4G9 



18 PBL 
Jurkat 
Molt 4 
HT10B0 



100% 
100% 
100% 
100% 



43% 
22% 
18% 
5% 



38% 
33% 
12% 
98% 



10% 
12% 
8% 
93% 



52% 
48% 
39% 
104% 



20 



30 
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Hum precipitation from Triton X-100 detergent lysatas 
prepared with 125 I-surfaca labeled PBL (not shown) , Molt 4 or 
HT1080 (Figure 2) cells showed that tha inhibitory monoclonal 
antibodias (data shovn for P3E3) reacted with a singla 
prqtain praaant in lymphocyta axtracts that migrated at M 
150,000 (pl50) in tha presence (not shown) or absanca (Figure 
2) of reducing agent. Under these immune precipitation 
conditions pl50 lacked an apparent a-fi subunit structure and 
did not migrate with either the a or fi subunit of the 
integrin receptors o2*l or aifil (Figure 2) . The antigen 
immune precipitated froa Triton X-100 detergent extracts 
prepared with chronically activated CD8+ killer T lymphocytes 
(ZAK) or CTL (not shown) contained, in addition to pl30, 
relativaly large quantitias of two smaller proteins that 
migrated at M 80,000 and 70,000 in the presence (not shown) 
or absence of reducing agant. V8 protease peptide napping 
revealed that p80 and p70 were proteolytic fragments of pl50 
(not shovn) . These lover molecular weight forms could be 
immune precipitated from chronically activated T cells even 
whan detergent extracts were prepared in the presence of 
20 multiple protease inhibitors (Figure 2 legend) . p80 and p70 
ware virtually absent from extracts prepared with resting 
PBL, cultured T (Molt 4, Jurkat) or B cell leukemias and RO 
cells. 

The biochemical characteristics of pl50 suggested 
that it might be related to the VIA 4 antigen described by 
Healer (Hemler et al., 1987). This was confirmed by 
sr tntial immune precipitation (not shown) with a VIA 4 
■I^-ific monoclonal antibody, B5-G10. pl50 was established 
as an a subunit of the integrin super family by its 
association with fil when immune precipitations were carried 

\ ^ K 

out after CRAPS detergent (0.3%) solubilization of I 
surface labeled T lymphocytes in the presence of 1 mM Ca 
(Figure 3). Under these conditions »4 was precipitated as a 
heterodimer with fil. The identity of fil was confirmed by V8 
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proteaae peptide mapping (not shown) . Tha «4*1 heterodimer 
immune pracipitatad from T lymphocytee with tha inhibitory 
■onoclonal antibodiaa (P3E3, P4C2 and P4G9) waa ahown to be 
distinct from tha prototypa fibronactin receptor, aSfil, 
imuiM pracipitatad with P1D6 by thraa criteria. 1) Tha 
8 relative quantitiea of *4fll and aSfil preaant in detergent 
extracts of T lymphocyte, were distinct with higher lsvels of 
«4*1 being preaant (Figure 3) . Thia waa in agraenent with 
the data we obtained using flow cytometry (Figure 1) . 2) In 
aaquential immune precipitation experiments, monoclonal 

10 antibodies to a401 did not preclear a5Jl (now ahown). 3) The 
V8 proteaae peptide mapa derived from the «4 and a5 aubunita 
precipitated vtth monoclonal antibodiaa P3E3 and P1D6 ware 
clearly diatinguiahabla (not ahown) . Furthermore, under the 
conditions (0.3% CHAPS and laH Ca« 2 ) ueed to aolubiliia the 

18 conjugate of a4*l from Jurkat cells (Figure 3) another 

protein of higher molecular weight (pl80) alao reacted with 
the monoclonal antibodiaa or co-precipitated with a4*l. Pi™ 
was abaant froa extracts prepared with P1D6 monoclonal 
antibody (Figure 3) , non-lyaphoid cella or Triton^X-100 

20 detergent extracte prepared in the abaence of Ca . The 

relationahip of pl80 to other integrina ia not known. Since 
•4 could be immune precipitated without fil after 
eolubilisation of T calls with Triton X-100 in the abaence of 
Ca** this revealed that tha inhibitory monoclonal antibodies 

28 recognised epitopes present on the -4 subunit (Figure 2) . 

6.2.2. DISTRIBUTION OF a* fil AND o5Jl IN 
CULTURED CP-" * MP T1SSOE 



As haa been previously reported (Healer, supra.) , 
.401 waa widely diatributed on nucleated hematopoietic cella 
(Table IV). 
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TABLE IV 



Rftlativa 

Fleurascanca 

10 

Intensity 

Cells 



^ Hanatopolatic Call* 

PBL V- or - 

L6L (CD3-, CD16+) or - 

Monoeytaa (CD16+) -m- 

Granulocytes - ♦ 

^Platelets - 

Splaan +++ ♦ 

Tonsil -M-f ♦ 
ALL (T or B) 

LSL LsuXaaia (CD3+, CD4+) ♦++ ♦/- 

jgAML "*"*" 

BLCL -M- ♦ 

Molt 4 (CD3+, CD4+) ■ •' " ♦ 

Jurka (CD3+, CD4+) 
XT (CD3-) 

3qPHa blasts (CD4+) ++++ ** 

CTL (CD3+, CD8+) -M-M- 

XAX (CD3+, CDS*) -M-M. -H-*. 

HL-60 -M- ♦ 

U937 ♦ 

36 
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Flourascanea 

Intensity 

calls _ " 5 *l 



5 

KS62-1 

Fibroblasts 
HFF (p3) 
10HT1080) 
BO 
VX13 

Epithalial Calls 

Woc-i 

OVCAR-4 7 

T470 
QG56 



20 



WO 91/83252 



-43 



PCT/US90/04978 



Two-color flow cytometry revealed that all lymphocyte 
subpopulations derived from spleen, tonsil and pariphsral 
blood axprassad abundant o*fil. In addition, par ipharal 
blood monocytes, f rashly derivad acuta lymphocytic (T or B) 
leukemias, all larga granular lymphocytic (LGL) and 
ayalogonous laukaaias and cuiturad T and B lyaphocyta call 
linas wa axaninad axprassad abundant a401 (Tabla IV) . 
Normal human blood platalats and granulocytas wera negative 
for e4£l (Tabla XV) . Normal human blood platalats and 
granulocytas wara negative for aAfil, In contrast, the only 
hematopoietic call populations that axprassad aSfil wera 
activated T calls, platalats, monocytes and granulocytas, 
acute lymphocytic (T or B) and myalogenoua leukemia* and 
cuiturad K562, HL-60 and U937 cells. Some cultured T (Molt 
4 or Jurkat) and B (ST-1) cell lines expressed low levels 
of aSfil as detected by P1D6 monoclonal antibody. In some 
normal individuals, a subpopulation of PBL were positive 
for P1D6 fluorescence detected by flow cytometry. We are 
investigating the nature of this subpopulation of PBL which 
express aSfil. TY cells, a CDS T cell lymphoma, were 
completely negative for P1D6 by flow cytometry. These 
results show that the major fibronactin receptor 
constitutively expressed by resting T lymphocytes is a401 
and as we have previously reported (Waynar at al., 1988) 
expression of o5£lin T lymphocytes is restricted to 
leukemic or activated cultured cells, interestingly, most 
fibroblast cell lines expressed low levels of aAfil while 
large vessel endothelial calls (HUVEs) and cultured 
epithelial cells were negative for *4fil by flow cytometry. 

In tissue, aAfil was present in adult spleen, 
lymph node and tonsil and essentially absent from all other 
tissues we examined. n addition, the relative quantities 
of the fibronactin adhesion receptors expressed by cells in 
specific tissue domains varied dramatically. For example, 
PBL and lymphocytes in tonsil and cortex and germinal 



WO 91/13252 



-44- 



PCT/US90/04978 



center trut expressed large quantitiea of aifil but 
virtually no aSfil. «4J1 waa alao found In apithalial 
regions in adult lymphatic tiaaua, but whether thia vaa tha 
raault of lymphocyta infiltration of thaaa araaa or 
•xpraaaion of «4J1 by lymphatic apithalial calla waa 
unclaar. 

6 2 3 aAfil LOCALIZES IN FIBRONECTIN-DEPENDENT 

FOCAL ADHESIONS 

Th«ra ia a apacific reorganization of call 
10 surface adhaaion racaptora to tha focal adhaaiona whan 
calla ara grown on tha appropriata Uganda in tha absence 
of aerua (roviawad by Burridga at al., 1988, Ann. Rav. Call 
Biol., 4, 487-323). Sinca aoma fibroblaata axpraaa o4*l wa 
* invaatigatad whathar thia receptor would diatributa into 
1« focal adhaaiona *han f ibronactin waa uaad aa tha adhaaion 
aubatrata. Aa cvi ba aaan in Figura 4 (A and C) , tha 
primary focal contact aitaa. or focal adhaaiona could ba 
visualized by intarfaranca reflexion microacopy (Izzard, 
S.C. and Lochner, L.R., 1976, J. Call. Sci., 21, 129-159) 
20 whan RD calla wara grown in f ibronactin. Aa wa and othara 
hava reported (Roman, J., LaChanca, R., Broekelmann, T.J., 
Roberta, C.J., Wayner, E.A., Carter, W.C., and Macdonald, 
j., 1988, J. Call Biol. 108:2529-2343), in tha absence of 
serum o3$l was concentrated at tha focal adhesions when RD 
25 cells were grown on fibronectin (rigura 4B, arrows) but not 
laminin-coatad surfaces. Likewise, ataining with 
monoclonal antibody P4C9 (Figure 4D, arrowa) revealed that 
a 4fil was also concentrated in focal adhaaiona whan calla 
wara grown on fibronectin but not laminin-coatad surface* 
30 (not shown). Thass results demonstrate a specif ic 
interaction of e481 with fibronectin preaent in focal 
adhesions, tha primary adhesion structure of cultured 
calls. 
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The presence o£ both receptors In focal contacts 
suggested tha possibility that a4$l and a3fll bind to 
distinct adhasion saquaneas in fibronactin. In fact, 
avidanca for this was obtainad whan P4C2 and P1D6 vara usad 
simultaneously to inhibit call adhasion to intact plasna 
fibronactin. P1D6 and P4C2 when usad together coapletely 
inhibited adhasion of T lymphocytes and partially inhibited 
adhasion of RD cells to intact plasaa fibronactin (Table 
V). 
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TABLE V 



COMBINED EFFECT OF MONOCLONAL ANTIBODIES *«*J£P *if 2 
ON T LYMPHOCYTE AND RD CELL ADHESION TO FIBRONECTIN 



ADHESION 

CELLS ANTIBODY SPECIFICITY (% OF CONTROL ± SD) 



RD 166 

P1D6 a*** 



100% 
81 ♦ 11 



P1D6 ♦ 
P4C2 

Jurkat 166 

P1D6 o5fil 
IB P4C2 a401 

P1D6 ♦ 
P4C2 



36 + 8 



100% 
26 ♦ 9 
38~+ 14 
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Interestingly, unlike T lymphocytes , neither P1D« nor P4C2 
alone were good inhibitors of RD coll adheaion to intact 
plasma fibronectin. RD coll adhosion to fibronectin could 
bo officiontly inhibitod by.P106 and P4C2 only whon used 
together. 

6.2.4. a*fil FUNCTIONS AS THE RECEPTOR FOR AN 
R60 INDEPENDENT ALTERNATIVE ATTACHMENT 

SITE IN FIBRONECTIN . 

Tha preceding result* (Table XXX ; Table V, 
Figure 1, Figure 4) clearly indicated that attachment of 
some cells to plasna fibronectin was mediated by t j 
independent cell surface receptors, o4jl and a301. It has 
been well documented that the ligand for oSfil in 
fibronectin is the 80 kDa cell-binding domain which 
contains the RGD sequence (Pytela, R., Pierschbacher, K.D., 
and Ruoslahti, E. , 1985, Cell, 40:191-198). To determine 
the region of fibronectin that interacts with o4fil we 
examined the adhesion of cultured T lymphocytes to various 
proteolytic fragments of plasma fibronectin (see Figure 5A 
and B), as well as the effect of monoclonal . antibodies P1D6 
and P4C2 on lymphocyte adhesion to these fragments. As 
shown in Figure 6, Jurkat, YT and Molt 4 cells attach to a 
38 kDa fragment containing the Heparin (Hep) II domain much 
more efficiently than to an RGD-containing fragment (80 
2s kDa) . Jurkat and Molt 4 cells also attach in a dose 
dependent manner to another Hep II domain containing 
fragment of 58 kDa. Maximum cell attachment to the 58 kDa 
fragment, however, reached only 30% of that achieved by the 
38 kDa fibronectin fragment. This suggests that the 38 kDa 
30 fragment contains a high affinity attachment site for T 
lymphocytes. T lymphocytes aid not adhere to the N- 
terminal 29 kDa fragment containing the Hep I domain of 
plasma fibronectin. In general, freshly derive PBL showed 
a similar pattern of attachment as Jurkat or Moi.t 4 cells 
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end the ability of freshly derived PBL to bind to the 80 
kDa fragment corralatad with axprassion of oSjl. Othar 
hematopoietic call linaa such as K562 calls (Figure 6) 
axhibitad a claar prafaranca for tha 80 kDa fragment of 
plasma fibronactin vhila RO calls axprassad promiscuous 
adhasion to all tha gragments of plasma fibronactin tested 
except the H-tarainal 29 kDa fragment. RD6S (1 mg/ml) 
partially inhibited (30%) Jurkat cell adhesion to intact 
fibronactin and completely (100%) inhibited their adheaion 
to tha 80 kDa fragment. Jurkat call adhesion to the 38 kDa 
fragment was unaffected by RGDS (up to 1 mg/ml). 

As ve have previously shown (Table 3 and Figure 
1) , monoclonal antibodies to o4*l and a5*l partially 
inhibited T lymphocyte adhesion to intact plasma 
fibronactin (Figure 7, top). As expected, P1D6 completely 
inhibited adhesion of T cells to the 80 kDa fragment which 
contains the RGD adhesion sequence (Figure 7, middle). 
P1D6 did not inhibit T lymphocyte adhesion to tha 38 kDa 
(Figure 7, bottom) or 58 kDa fragments. In contrast, P4C2 
completely inhibited T lymphocyte adhesion to the 38 kDa 
fragment and had no effect on adhesion to the 80 kDa 
fragment (Figure 7). Furthermore, adhesion of I 
lymphocytes to the 38 kDa fragment which also contains Hep 
II could be inhibited by P4C2. In every case other T 
lymphocyte cell lines which express both aAfil and a3fil 
(such as Jurkat cells) behave exactly as Molt 4 cells 
(Figure 7). As seen in Table 4, K362 cells express only 
aSfil. Adhesion of K362 cells to the 38 (Figure 6) and 58 
kDa fragments was greatly reduced when compared to their 
adhesion to the 80 kDa fragment (Figure 6) . Adhesion of 
these cells to intact plasma fibronactin (Figure 1) or the 
80 kDa fragment could be completely inhibited by P1D6. On 
the other hand, YT cells which do not express a3fil (Table 
IV) adhere poorly to intact plasma fibronactin and the 80 
kDa fragment (Figure 6) . These cells require 2-3 times 
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longar to adhar. to pla«a f ibron.ctin-co.tod .urf.c. th.n 
Jurlct or Molt 4 c.11.. YT c.11., hov.v.r, .dh.r. 
.ffici.ntly .nd in . do.. d.p.nd.nt -ann.r *° 3 * 
frag».nt (Figur. 6, and adh..ion of th... c.11. to th^38 
W)a frag».nt could b. co»pl.t.ly inhibit* by P4C2. Th.s. 
data indict. . dir.ct corr.lation b.tv.«i «cpr...ion of 
•4/11 and th. ability to attach to frag».nf of plawa 
f ibron.ctin containing th. H.p II and IIICS 
rurth.r»or., th... data .how un.quivocally that .4,1 
function, a. th. r.c.ptor for thi. alt.mativ. c.11 
adh..lon do»*in. 

(I! .1 (11 IS THE T.YKPHOCTTE MCTPTOR FOR CS^l 

Th. IIICS r»glon pr...nt on th. A ch.in of 
pl„» flbron.etl» (H**. *> ""fin. .t l«.t «o .It.. 
r..»on.ibl. tor «dl.tin, e.ll .dh..ion to flbron.ctin 

iZhrl.. .t .1.. 1MT. J. Biol. en... 2S2=«»"-""' 

Hu^hn.. .t .i.. »• c«» ias'""- 1 " 7 >; 

u.ln, . ..rl« o« ov.rl.ppln, .ynth.tle p*>tld.. .p.»nln, 
th. .ntlr. IIICS r„ion (CS p.ptid«> Huaphrl.. .»d co- 
»ork.r. .how* th.t th. CS-1 <H-t.r»ln»l> VI 
confine .dh..i=n „,««.e.. r.«o,l«a by «ou..^ ™i.no» 
c.11. (Hu»phri.. .t .1.. "»«. hav * • hown 

tn.t tn.7. XDa fr.*..nt confln. . hi*, "ZMt* 
,lt. ™c*nl»d by h«n T lyphoeyt.. .nd th.t .«1 
r.e«tor which «dl.t.. T ly*»hoeyt. .dh..lon to J. KD.. 
Thi. fr.,~nt d... not contain th. cs-5 .It. but It do. 
eonttin th. .ntlr. CS-1 wolon (G.rel.-P.rdo .t 

Bloch-. 241'»»-»»> "" leh d *" n,d " ! * *\„ 
.fflnlty .dh..lon .It. for -lane «U. (m»ph,l« .t 

.1.. 19.7, J. BlOl. Ch«. 2*2' *••«-"">• *>«•*«• » 

to d.t.r»ln. If T lyphoeyt- «ouU r«c*ni . 
tnd bind to CS-1 .nd If .W «., th. r.«ptor Involve In 
thi. int.raction. 
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T lyaphoeytos (Jurkat or Molt 4 colls) rocogniio 
and attach to CS-1 (rabbit IgG conjugato) -coatod plastic 
surfacos (Tablo VI) . I lyaphoeytos (Jurkat) do not attach to 
CS-2 (rabbit IgG conjugato) coatod aurfacoa or to plastic 
surfacas coatod with rabbit IgG alono. Furthoraoro, 
■onoclonal antibodios to o4*l (P4C2) coaplotoly inhibitad T 
lyaphocyto adhosion to CS-1 whilo antibodios to oSfil (P1D6) 
had absolutoly no offset (Tablo VI) . As wo havo proviously 
shown antibodios to «40l coaplotoly and spocif ically 
inhibitad T lyaphocyto adhosion to tho 38 kDa fragaont 
(Tablo VI) whilo antibodios to «5J1 spocif ically inhibitad 
adhosion to tho RGD containing 80 kDa fragaont. 
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TABLE VI 

INHIBITION OP T LYMPHOCYTE ADHESION TO CS-1 
PEPTIDE WITH MONOCLONAL ANTIBODIES TO a401 



S 





LIGAND 


IgG 


ANTIBODY 1 
P4C2 


P1D6 


10 


80 kDa 


8580 + 214 


7154 ♦ 398 


202 ± 105 




38 IcDa 


22680 ± 1014 


114 ± 78 


24917 ♦ 352 




CS-1 


44339 + 513 


841 + 555 


42897 ♦ 728 




CS-2 


2576 + 214 


535 ± 258 


435 + 168 


15 
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6.3. PISCQSSIOW 
Using monoclonal antibody technology (Wayner, 
E.A., Cartar, W.G., Piotrovic*, R. and T.J. KuniCci. 1988. J. 
call Biol., 10: 1881-1891, v. hav. id * n """** *~ p4C2 
fibronactin r^aptor .4,1. Monoclonal antibodia. P3E3. P4C2 
and P4G9 racognirad apitopa. on th. .4 aubunit and 
co.plat.ly inhibits tha adhaaion of p.riph.r.1 blood and 
culture T lyspnocyta. to a 38 KDa tryptic frag., nt of 
pl.a« fibronactin containing th. carboxy t.r.inal Haparin 
II do-in and. part of th. typa III connoting 
(IICS). Th. ligand in IIICS for -4,L v.. th. CS-1 ragion 
pLiLly dafinad a. an adhaaion ait. for .al.no- c.lla. 
Th. functionally dafinad monoclonal antibodia. "> •« 
partially inhibits T ly*phocyt. adhaaion to intact pl.». 
fibronactin and had no af fact on th.ir att.ch.ant to an 80 
KDa cryptic fragmant containing th. ROD «dh..ion ..quanca. 
Monoclonal antibodia. (P1D6 and P1P8, to ^ J^S^ 
d..crib«l fibronactin racaptor. .3*1, co»pl.t.ly iiihibit.d 
T lyphocyt. adhaaion to th. 80 KDa f r.g»ant but had no 
affact on th.ir .tt.ch.ant to th. 38 KDa fragrant or to 
cs-l. Both .4,1 and -5/11 localized to focal adhaaion. whan 
f ibroblaat. which axpr... th.aa r.c.ptor. war. grown on 
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fibronect in-coated aurfacea. Thaaa findinga daaonatratad a 
•pacific interaction of both racaptora with fibronactin at 
focal contacta. _ 

Recently, Barnard! at al., 1987, aupra; Llao at 
al., 1987, Exp. Call, Raa., 171:306-320; Llao at al., 1989, 
Exp. Call Raa., 181:348-361 reported that aome B lymphocyte 
call Unas bind to a region of plasma fibronactin locatad 
within tha carboxy terminal Hap II domain. Liao at al., 
1987, aupra idantif iad an integr in-like racaptor on B 
calla. Rovavar, it la not claar whathar tha protain thay 
daacribad vaa o4fil, *2fil or aSfil. Barnardi at al., 1987, 
aupra alao idantifiad fibronactin racaptora axpraaaad by B 
lymphocytea. Intereatingly, in thia atudy, B calla which 
attachad to frngmenta containing Hap II axpraaaad a 
racaptor aimilar to o4fil whila calla which attachad to the 
RGD containing call adhaaion domain axpraaaad a racaptor 
aimilar to o501. Howavar, from thaaa data it waa alao not 
poaaibla to claarly identify tha racaptor involved in 
binding. Together, the reaulta of thaaa previoua raporta 
and the preaent findinga provide clear evidence in aupport 
of i) the exiatence of an alternative adhaaion domain 
preaant in the carboxy terminal region of plaana 
fibronactin and ii) a role for a A pi aa the receptor for 
thia alternative adhaaion aite. It will be intereating to 
determine the precise amino acid sequences responsible for 
e4*l interaction with fibronactin. since neither the 38 or 
58 kOa fragments or CS-1 contain an RGD sequence 
(Kornblihtt et al., 1985, supra ; Garcia-Pardo, 1987, supra; 
Humphries et al., 1986, supra ; and Humphriea et al., 1987, 
supra) , it is clear that characterization of the ligand for 
a401 will identify a new amino acid sequence important for 
cell adhesion to fibronectin. Since the 38 kOa fragment 
does not contain CS-5 (Garcia-Pardo, 1987, supra) the 
minimal amino acid sequence responsible for T lymphocyte 
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adhasion to 38 JcDa and therefore tha ligand for aAfil in 
these colls is not arg-glu-aap-val or REDV (Ruaphrios at 
al., 1986, supra). 

Liko o20l, the a4 subunit is weakly associatad 
with tha fil subunit. Tha data presented hera (Pigura 2) 
and our pravious findings (Waynar/ E. A. and Cartor, w. 6. , 
1987, supra and Waynar at al., 1988, supra ) show that tha 
functionally daf inad aonoclonal antibodias to alfil and aAfil 
salactivaly intaract with apitopas prasant on tha a 
subunits, basad on i»a? :na precipitated of o2 or o4 without 
fil aftar subunit dissociation. Thasa rasults suggast that 
tha unlqua a subunit is rasponsibla for deteraining tha 
ligand-binding spacificity of aach o- fi coaplax. This 
coneapt is now furthar aupport by tha observations 
praaantad hara that <*5 and o4, which ara both eoaplexed 
with fil, madiata adhasion to distinct sitas on fibronactin. 
This is not to suggast that tha fi subunit is not important 
in binding, but that tha spacificity of receptor-ligand 
intaract iona is datarninad by o or a uniqua arfi coaplax. 

It is intarasting that whila ZAK calls expressed 
abundant call surfaca a4*l it did not appaar to ba a 
functional racaptor;l P1D6 completely inhibitad LMC call 
adhasion to fibronactin. Tha raason for this could ba that 
1AK calls axprass a dagradad for* of «4 (soa Pigura 2). In 
addition, bacauaa thay ara activatad, XAK calls ovar 
axprass aSfil whan comparad to rasting paripharal blood or 
laukamic T calls (Tabla VIII) . In othar calls which 
axprass largar quantitias of asn ralativa to e481 (K562-1 
and HT1080) adhasion to tha 80 XOa RGD containing doaain 
via aSfil is doainant (saa K562-1 calls, Pigura 6) . This 
implies that regulation of racaptor axprassion dateraines 
tha ability of a call to recognize and bind to diffarant 
sitas on fibronactin. Purtharaore, it is also possibla 
that co-axpraaaion of tha two receptors for fibronactin 
could incraasa tha avidity of call binding, for axaapla, 
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Jurkat and RD calls axprasa ralativaly promiscuous adhasion 
to flbronactln whan comparad to YT calls which axprass only 
aiffl. 

Tha regulation of call adhasion of fibronectin 
is . potentially complex ayan under tha simplest possibla 
conditions, which assume that *5fil and e4*l function 
indapandantly of aach othar and do not overlap during 
interaction with tha two binding sites on fibronectin. 
variation from this simple state provides opportunities for 
exquisitely sensitive regulation of call adhesion. At the 
least complex level, this regulation can be roughly 
categorised as i) processes that control tha synthesis 
and/or exposure of the binding sites on the ligand and (ii) 
regulation of functional expression of the receptors. 
Examples of regulation at both levels are currently 
available and include, the observation that lymphokines and 
specific antigen induce a5fil expression on T lymphocytes 
followed by increased cell adhesion to fibronectin (Wayner 
at al., 1988, supra). In addition, the control of mRNA 
splicing in the ZZICS region of fibronectin (Kornblihtt et 
al., 1985, supra ) during wound) healing or inflammation may 
dictate the specificity of receptor- ligand binding in 
resting or activated T calls. Variations from the simple 
state are intriguing but require additional experimentation 
to even begin to identify the multitude of potential 
mechanisms. 

In conclusion, these findings show clearly that 
cultured T lymphocytes use two independent receptors during 
attachment to firbonectin and that i) «5*1 is the receptor 
for the RGD containing cell adhesion domain, and ii) a4fil 
is the receptor for a carboxy terminal cell adhasion region 
containing the Heparin II and IIICS domains. Furthermore, 
these data show that T lymphocytes express a clear 
preference for a region of molecular heterogeneity in IIICS 
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(CS-1) generated by altarnativa aplieing o£ fibronactin 
pra-aRNA and that a4*l ia tha racaptor for thia adhaaion 
aita. 

7. EXAMPLE: LYMPHOCYTE ADHESION TO ACTTVATED 
5 ENDOTHELIUM IS MEDIATED BY THE BINDING OP 

THEIHTEGRIN RECEPTOR <*fil TO CS-I IN THE 
T ALTERNATIVELY SPLICED IIICS REGION OP 

FIBRONECTIN • 

Th» following axpariaanta daaonatratad tha rola 
of tha akfil racaptor and ita ligand, CS-1, in aadiating T 
10 call adhaaion to culturad larga vaaaal andothalial calla 
and andothalial calla which had baan activatad with a 
variaty of cytokinaa aaaociatad with tha inflaaaatory 
raaponaa, including IL-1, tumor nacroaia factor alpha 
(TNPo) , and tuaor nacroaia factor bata (TNF0) . In 
16 addition, tha ability of monoclonal antibodiaa and paptida 
fragaanta to block adharanca of lyaphocytaa to andothaliua 
via tha o4^1 racaptor waa daaonatratad. 

7.1. MATERIALS AND METHODS 
20 7.1.1. REAGENTS 

Raaganta uaad wara aa daacribad in Saction 

6.1.1, aupra. 

7.1.2. CELLS AND CELL CULTURE 
25 Jurkat (Human T call laukaaia) waa obtained froa 

Dr.. Paul Conlon (laaunax. Corp., Saattla, MA), Raaoa (Huaan 
B call Laukaaia) waa obtainad froa tha Aaarican Typa 
Cultura Collactlon (Rockvilla, MD). Tha LAD (laukocyta 
adhaaion daficiant) and ST-1 B call linaa wara praparad by 
» spatan-Barr virua tanaforaation of huaan B lyaphocytaa. 
Tha LAD call Una waa davalopad froa tha B calla of a 
patiant with a daficiancy in tha fi2 intagrin family of 
adhaaion racaptor. and waa obtainad froa Dr. John Harlan 
(Harborviaw Madical Cantar, Saattla, HA). Huaan uabilical 
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vein endothelial cells (HUVEs) were purchased from Cell 
Systems, Seattle, WA. HUVEs were maintained in dsfinsd 
(serum-free) media also purchased from Call systems (CS-100 
media) . 

7.1.3. ACTIVATION QT HUVES WITH INFLAMMATORY CYTOKINES 

HUVEs were incubated with IL-1 fi (1 ng/ml) or in 
some experiments with TNT • (10 ng/ml) for 6-24 hours. At 
the end of this incubation the HUVE monolayers were washed 
and used in the adhesion assay. 

7.1.4. SYNTHESIS OF CS PEPTIDES 
Peptides derived from the CS-1 region of plasma 
fibronectin were synthesized and HPLC' purified according to 
standard protocols by Dr. James Blake at the Oncogen Corp., 
Seattle, WA. The CS-1 peptide was conjugated to rabbit 
serum albumin or KLH also according to standard protocols 
by Dr. James Blake. The RODS control peptide was obtained 
from Peninsula Laboratories (Belmont, CA) . 

20 7.1.5. MONOCLONAL ANTIBODIES 

The following antibodies were developed in this 
laboratory: P1H5, which recognises the alfil receptor 
(Wayner et al., 1987, J. Cell Biol. 105: 1873-11884 t Wayner 
et al. 1988, J. Cell Biol. 107:1881-1891)1 P1B5, which 
28 recognises the a2pl receptor (supra) t P1D6, which 
recognises the a3*l prototype fibronection receptor 
described by Pytela et al. (Cell 40:191-198) ; P4C10, which 
recognises the fil subuniti and P4H9 which rscognises fi2 
(CD18) , using methods described fully in Wayner et al. 
(1987, J. cell Biol. 105:1873-1884) and Wayner et al. 1988 
J. Cell. Biol. 107:1881-1891) which are incorporated in 
their entirety by reference herein, and described in Table 
II. 
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7.1.6. ENDOTHELIAL CELL ADH ESION ASSAY 
Human umbilical vein endothelial cells (HOVEs) 
war* cultured in 48 well plates as dascribad (supva) . To 
■aasura adherence of lymphocytaa to HOVE monolayer 
cultures, lymphocytes vara labeled with Ma 2 51 Cr0 4 (50 
8 jiCi/al) for 2-4 hours), washed, and than 10 5 lymphocytes 
vara incubated with HOVE monolayers in tha prasanea or 
abaanea of inhibitory antibodies or CS-1 darivad paptidas. 
Tha lymphocytes vara allowed to adhere for 30 minutes at 
37*. Non-adherent cells were subsequently removed by 

10 washing with PBS, and the adherent cells were dissolved in 
SDS/NaOH. Bound 51 Cr-cpa were quantitated in a gamma 
counter. In some experiments, endothelial cells were 
activated prior to the adhesion assay by incubating with 
IL-1 fi (1 ng/ml) or TNF-J (10 ng/ml) for 6-24 hours in 

18 defined CS-100 media (Cell Systems, Seattle, WA) . 

7.2. RESULTS 

7.2.1. SURFACE PHENOTYFE OP LYMPHOCYTES FROM 
NORMAL AMD LAD PATIENTS 

20 m order to establish what mechanism lymphocytes 

use during extravasation we first determined the surface 
phenotype of normal and. LAO lymphocytes with respect to the 
integrin receptors. These data are in Table VII and ahow 
clearly that the LAD cells possess a normal cell aurface 

25 phenotype with respect to the fil containing integrina. 
Since, as expected, the B cells derived from the patient 
with LAD were negative for 02, this strongly suggests that 
LAD lymphocytes use tha fil containing integrina during 
their adhesion to and passage through the endothelium. 
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Tabla VII 

Flcurascanca Analysis of Xntagrin Rsesptor 
Expression by Noraal and IAO lyaphoytaa 

riouraacanca Intanalty* 



xRacaptor 


Antibody 


Jurkat m 


Raaos (B) 


ST-1 


LAD 


>2 


P4H9 


♦ 


♦ 


■4-f 




>i 


P4C10 


+++ 




♦ 




•2 


P1H5 


++ 






♦ 


10°3 


P1B3 










"4 


P469 




+♦ 


■M- 


■M- 


°a 


P1D6 




+/- 


♦/- 


V- 



15 * Flourasanca intaaity was datarainad on a thraa dacada log 
seals and is axprssssd in arbitrary units with saeh plus 
indicating SO units from 0-2S3 (channal nusbars) . A 
plus/ainus indicatas a dafinata and rsprodueibls shift 
abova background (<50 units) . 



25 



30 



WOtl/03252 



PCT/US90/04978 



-60- 



Table VIII 
Adhesion of T and B Lymphocytes 
Resting and Activated HUVE Ifonolayars 







Adnasion (cpnj 


5 Call -Line 


Basal 


IL-10 


LAO (B) 


29360 


94580 


ST-1 (B) 


11572 


143860 


Raaos (B) 


108S 


11168 


10 Jurkat (T) 


74196 


352028 


yt (?; 


43396 


189384 



cpa ■ counts par ainuta. Tha data ara from a single 
repreaentative experiaent. 
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7.2.2. ABILITY OF LYMPHOCYTES TO ADHERE TO RESTING 
TO RESTING AND ACTIVATED ENDOTHELIAL CELLS 

Chroaiua-labeled lymphocytes from various cell 

linaa vera tested for their ability to adhere to either 

rasting or activated andothalial calls (Tabla VII) . 

5 Although all the call Unas tested were found to adhara to 

soaa axtant to rasting endothelium, adhasion of T and B 

lyaphocytas to andothaliun act i vat ad by aithar IL-1 or TNF 

vas obsarvad to ba ouch greater, by a factor of as much as 

tan-fold. Adhasion of lynphocytas from LAD patiants to 

10 andothalium vas not found to ba significantly diffarant 

from that obsarvad for ST-1 call linas darivad from normal 

B colls (ST-1) . Thara vas no dif faranca obsarvad among 

call linas batvaan adhasion to IL-1 varsus TNF act i vat ad 

andothalium. 

IS 

7.2.3. EFFECTS OF ANTI -RECEPTOR ANTIBODIES 

ON LYMPHOCYTE ADHERENCE TO ENDOTHELIUM 

Whan tha ability of chromium-labalad lynphocytas 

to adhara to andothalium vas tastad in tha prasanca of 

2Q hybridoma supamatants, only monoclonal antibodias diractad 
toward a ii fi l or fil vara found to inhibit adhasion; 
monoclonal antibodias diractad toward other racaptors such 
as tha prototype f ibronaetin racaptor and tha a3£l receptor 
vara found to hava virtually no inhibitory effect (Tabla 

25 8). In tha prasanca of monoclonal antibodias P4C2 
(diractad toward o^) and P4C10 (diractad toward fil) , 
adhasion of labeled lymphocytes to endothelium vas 
completely abrogated. Interestingly, adhesion of LAD cell 
adhasion vas also inhibited by anti-e^ antibody [P4C2], 

30 indicating that the CD18 receptor is not involved in the 
observed adherence properties. In addition, although alfil, 
e501 (Tabla VIii) and £2 (not shown) are expressed by 
lymphocytes, antibodies to these receptors did not inhibit 
lymphocyte adhesion to either basal or activated HUVEa (see 
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Tabla IX) . Thaaa data show that aurf aca axpraasion of an 
intagrin racaptor and binding of an inhibitory antibody to 
it doas not nacasaarily laad to inhibition of lynphocyta 
binding to andothalius. This iapliaa a apacific rola for a*0l 
in kadiating lynphocyta adhaaion to tha andothaliua aa tha 
8 first atap in axtravaaation. Furthamora, ainea tha 
antibodias againat a401 inhibited lyaphocyta adhaaion to 
andothalial calls this auggaatad that tha ligand for aAfil, 
tha aaino acid saquanca EXLOVPST (aaa Tabla XZZ) sight alao 
ba involvad in lyaphocyta diapadaais via binding of a401 to 
10 thia aaquanca prasant in a ligand axpraaaad on tha surfaca 
of tha andothaliua. 
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Table IX 

Effect of Inhibitory Monoclonal Antibodies on Lymphocyte 
Adhesion to HUVE Monolayers (IL-1* Activated) 



5 Call Una 



Antibody 



Specificity 



Adhesion (cpa) 
Basal +IL-10 



LAO (B) 



10 



8P2 

P1D6 

P1B5 

P4C2 

P4C10 



Vl 
Vl 
Vl 



19542 
15688 
19064 
6458 

6360 



104672 
113696 
90912 
38132 
52552 



Ramos (B) 



IS 



8P2 

P106 

P1B5 

P4C2 

P4C10 



•5*1 
"2*1 



972 
808 
124 
456 
604 



12157 
11196 
10028 
3688 
3152 



Jurkat (T) 



20 



8P2 

P106 

P1BS 

P4C2 

P4C10 



"5*1 
•2*1 
•4*1 



83924 
83956 
66580 
23108 
36892 



372159 
417588 
489952 
136632 
230416 
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7.2.4. THE ROLE OF CS-1 AS LI G AND TO aj. IN 
LYMPHOCYTE ADHESION TO ENDOTHELIUM 

The ability of synthetic CS-1 and derivative 

peptides to inhibit adherence of chromium-labeled 

lymphocytes to activated endothelial cells waa evaluated 

* using various peptide*. The synthetic CS-1 peptide vas a 

strong inhibitor of T or B lymphocyte adhesion to basal or 

activated endothelial cell monolayers (Tables X and XI) . 

Interatingly, the EILDVPST sequence was the minimal peptide 

also required to inhibit lymphocyte adhesion to resting or 

10 activated HUVEs (Tables X and XI) . In some cases, such as 
with the Ramos B cell line, adhesion or these cells to 
HUVEs could be completely abrogated with the EILDVPST 
peptide. In control •xperiments (Table XI) , the RODS 
sequence which is the ligand for the prototype fibroneetin 

1* receptor, » 5 fi v did not inhibit lymphocyte adhesion to 
resting or activated HUVEs. 
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Table X 

Ef fact of Cs-1 and Cs-1 Derived peptides on 
Lymphocyte Adhesion to HDVE's 



. 5 






Adhesion 


(cpn) 


Cell Line 


Peptide f 


Sequence 


Basal 


+IL-1J 


LAO (B) 


293A . 


Unrelated 


20856 


74096 




344 


CS-1 


17500 


26172 


10 


350 


. VpST 


HD* 


42728 








hi/ 


29484 




354 


GPEILDVPST 


NO 


27219 


Ranos (B) 


293A 


Unrelated 


4856 


11132 


IB 


344 


CS-1 


1660 


2828 




350 


VPST 


HD 


4568 




352 


EILDVP8T 


ND 


2584 




354 


GPEILDVPST 


HD 


2265 


2oJurJcat (T) 


293(A) 


Unrelated 


58084 


129864 




344 


CS-1 


29568 


75772 




350 


VPST 


HD 


127544 




352 


EZLDVP8T 


HD 


93056 




354 


GPEILDVPST 


HD 


89721 


25 











*HD-ndt determined 
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Table XX 

Effect of CS-1 and CS-1 Derived Peptides or RODS en 
Lymphocyte Adhesion to HUVES 



5 Cell Line 



Peptide # 



Sequence 



Adhesion (cpa) 
Basal +XL-1B 



Jurkat (T) 



10 



344 

350 
351 
352 



RGDS 

CS-1 

VPST 

LOVPST 

EZLDVPST 



161092 
298688 

82404 
203716 
166948 

84456 



314848 
357616 
248976 
322208 
3262C9 
234796 



LAO (B) 



15 



20 



Ramos (B) 



344 

350 
351 
352 



344 

350 
351 
352 



RGDS 

CS-1 

VPST 

LOVPST 

EXLDVP8T 



RGDS 

CS-1 

VPST 

LDVPST 

EZLDVPST 



44860 

70652 
22976 
38176 
39700 
29964 

2724 

16920 

1844 

4168 

3532 

1696 



71408 

102076 

51560 

98860 

92792 

58784 

12936 

28104 

5160 

15320 

15092 

4964 
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Tabl* XXI 

INHIBITIOH OF LYMPHOCYTE ADHESION TO PZBRONECTZN 
WITH PEPTIDES DERIVED FROM CS-1-B12 



6 PEPTIDE SEQUENCE INHIBITION 



CS-1 -M-f 

A13 DELPQLVTLPHPN 

B13 LHGPEZLDVPST +++ 

10 350 VPST - 

351 LDVPST 

352 EILDVP8T +++ 
354 GPEILDVPST +++ 
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7.3. DISCUSSION 
Experimental observations (see Section 6, supra ) 
strongly suggested that the high affinity binding site for 
T lymphocytes in plasma fibronectin was located in the CS-1 
region of the IIICS domain.. The. CS-1 region is coaprised 
of 25 aaino acids (Figure 9) . Therefore, it was important 
to determine the minimal peptide sequence responsible for 
the binding of the lymphocyte a 4 fi 1 receptor to fibronectin. 
The initial step ve took was to divide the CS-1 peptide 
into two smaller peptides, A13 and B12 (Figure 9) and to 
examine whether either of these peptides could compete with 
fibronectin for binding to the o^fi^ receptor and therefore 
inhibit lymphocyte adhesion to fibronectin. The data 
clearly indicate that the inhibitory activity resides in 
the B12 peptide derived from the carboxy terminal portion 
of CS-1. The next step we took was to investigate the 
ability of increasingly longer peptides derived from the 
carboxy terminal portion of B12 to inhibit lymphocyte 
adhesion to fibronectin and CS-1 (RSA conjugate) coated- 
sur faces. These data show that with regard to adhesion of 
lymphocytes to plasma fibronectin and CS-1 the minimal 
amino acid sequence required for binding of a < fi 1 is 
EZLOVPST. 

Polymorphonucleated leukocytes (neutrophils) 
from patients with leukocyte adhesion deficiency (LAO) have 
a defect in expression of the 02 integrin subunit and 
therefore cannot use the 02 containing receptors (LFA-1, 
Mac-1 or p 150/95) in their adhesion to the vascular 
endothelium. Neutrophils from these patients therefore, do 
not leave the blood stream to pass into peripheral tissues. 
LAO lymphocytes, however, do undergo diapedesis to pass 
through the endothelium and can be found in tissues derived 
from patients with this disorder. This, therefore, implies 
that lymphocytes use a mechanism distinct from the fi2 
containing integrins during their passage from the blood 
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stream into the peripheral tissues. Ths following ssriss 
of experiments comprises our attempts to fully understand 
the mechanisms utilized by peripheral blood lynphocytes 
during diapedesis. 

The experiments described supra have clearly 
shown the important role played by the ar^j receptor in the 
adhesion of lymphocytes to vascular endothelial calls. 

All lymphocyte cell lines tested were shown to 
express and/or by fluorescence analysis, and were 
observed to adhere to cultured human umbilical "vein 
endothelial cells. This adhesion was found to be blocked 
only by monoclonal antibodies directed toward 
antibodies directed toward other receptors were not found 
to have essentially any inhibitory affect, revealing the 
importance of the receptor in the adhesive interaction 
between lymphocytes and endothelium. 

In addition, synthetic CS-1 and derivative 
peptides (Tables 9, 10, and 11) were found to inhibit . 
adhesion of lymphocytes to endothelium. The amino acid 
sequence EILDVPST was found to be particularly important to 
the interaction. It must be emphasized that it has not 
been determined whether the lymphocyte a^fi l receptor is, in 
fact, interacting with fibronectin on the endothelial cell 
surface. It is also possible that is recognizing the 
peptide EILDVPST or a similar sequence, in the context of 
another, non-f ibronectin protein. 
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8. DEPOSIT OF CELL LIMES 

Tha following call linaa hava baan dapoaitad 
with tha ATCC, Rockvilla, MD, and hava baan aaaignad tha 
following accaaaion numbara: 

Call Lina Accaaaion Nuabar 

P4C2 HB- 10215 

P4G9 HB-10213 

P3B3 HB-10212 

P4C10 HB-10214 
Tha praaant invantion ia not to ba liaitad in acope 
by tha ganaa and protaina axaaplifiad or dapoaitad 
aicrnorganiaaa which ara intandad aa but aingla illuatrationa 
of ona aapact of tha invantion. Indaad, varioua 
aodificationa of tha invantion in addition to thoaa ahown and 
daacribad harain will baeoaa apparant to thoaa akillad in tha 
art froa tha foragoing daacription and accompanying figuraa. 
Such aodificationa ara intandad to fall within tha acopa of 
tha appandad claiaa. 
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MICROORGANISMS 

70 




American Typt Culture Collection 



12301 P»rkl«m Drive 
Rockville, MD 20852 

Sepfab T 1, 1989 



HB-10212 




taw 
• A4f •••••« 
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Aceeaaloa Nuaber HB-10213 
Accession Nuaber HB-10214 
Accession Nuaber HB-10215 
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WHAT IS CLAIMED IS: 

1. A mathod for inhibiting thm adharanca of 
lymphocytaa to andothalial calls comprising axpoaing tha 
lymphocytaa to an affactiva amount of an antibody, or a 
fragmant or darivativa tharaof, that bind* to o4*l. 

2. Tha mathod of claim 1 in which tha antibody 
is a monoclonal antibody. 

3. Tha mathod of claim 2 in which tha antibody 
ia.P4C2, dapoaitad with tha ATCC and having tha accassion 

numbar. HB- 10215* 

4. Tha mathod of claim 1 in which tha antibody 
binds to 01. 

5. Tha mathod of claim 4 in which tha antibody 
is P4C10, dapositad with tha ATCC and having tha accassion 
numbar HB-10214. 

6. A mathod for inhabiting tha adharanca of 
lymphocytas to andothalial calls comprising axpcsing tha 
lymphocytas to an af factiva amount of paptida that binds to 
a401. 

25 7. Tha mathod of claim 6 in which tha paptida 

is conjugatad to an antibody targatad toward andothalial 
calls. 

8. Tha mathod according to claim 6 in which tha 
30 paptida comprises at lssst a portion of tha IIICS rsgion of 
fibronactln, or a darivativa tharaof. 
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9. The aethod according to claia 6 in which tha 
paptida coaprieea at laaat a portion of tha CS1 region of 
fibronectin, or a darivativa tharaof. 

10. Tha aethod according to claim 6 in which 
tha paptida comprises at laaat a portion of tha aaquanea 
EILDVPST, a darivativa tharaof, or a substantially 
honologous aaquanea. 

11. An antibody, antibody fragmant or 
darivativa tharaof which Bay ba uaad to inhibit tha 
adharanca of lymphocytes to andothalial calls. 

12. An antibody, fragaant, or darivativa 
according to claia 11 which binds to tha e4*l racaptor. 

13. Tha antibody of claia 12 which is a 
aonoclonal antibody. 

14. Tha antibody of claia 13 which is P4C2, 
20 producad by tha hybridoaa d .posit ad with tha ATCC and 

having tha accession number HB-'10215. 

15. Tha antibody of claia 13 which is P4C10, 
producad by tha hybridoaa deposited with tha ATCC and 

28 having tha accession number hb-10214 . 

16. An antibody, fragaant or darivativa tharaof 
which racognits. an apitopa dafinad by aonoclonal antibody 

P4C2. 

30 

17. Tha antibody, fragaant or darivativa of 
claia 16, which coapstitivaly inhibits tha binding of 
aonoclonal antibody P4C2. 
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18. An antibody, fragmant or darivativa which 
racogniz«a an apitopa dafinad by monoclonal antibody P4C10. 

19. Tha antibody, fragmant or darivativa of 
claim 16, which compatitivaly inhibita tha binding of 

8 monoclonal antibody P4C10. 

20. A pharaacautical compoaition compriaing an 
•ff«ctiva concentration of antibody, antibody fragmant, or 
darivativa tharaof , which inhibita tha adharanca of an 
•xtracallular matrix racaptor on lymphocytaa to andothalial 
calla in a pharmacologically auitabla carriar. 

21. Tha pharaacautical compoaition of claim 20 
in which tha antibody, fragmant, or darivativa binda to 
aifil racaptor. 

22. Tha pharaacautical compoaition of claim 21 
in which tha antibody ia a monoclonal antibody. 

23. Tha pharaacautical compoaition of claim 22 
in which tha antibody ia P4C2, producad by tha hybridoma 
dapoaitad with tha ATCC and having tha accaaaion numbar. 

HB-10215. 

25 24. Tha pharaacautical compoaition of claim 22 

in which tha antibody ia P4C10, producad by tha hybridoma 
dapoaitad with tha ATCC and having tha accaaaion numbar. 

HB-10214. 

30 25. A pharaacautical compoaition compriaing an 

•f factiva concantration of a paptida which inhibita tha 
adharanca of lymphocytaa to andothalial calla in a 
pharmacologically auitabla carriar. 

38 
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26. Tha pharmacautical composition of claim 23 
in which tha paptida bind* to a4jl. 

27. Tha pharmacautical composition of claim 26 
in which tha paptida comprisaa at laast a portion of tha 

5 IIICS ragion of fibronactiri, or a darivativa tharaof. 

28. Tha pharmacautical composition of claim 26 
in which tha paptida compriaas at laast a portion of tha 
cs-i ragion of fibronactin, or a darivativa tharaof. 

10 

29. Tha pharmacautical compoaition of claim 25 
in which tha paptida compriaaa at laast a portion of tha 
saquanca EILDVPST. a darivativa tharaof, or a substantially 
homologous saquanca. 

30. A mathod of pravanting lymphocyta migration 
into tissuas comprising administaring an affactiva amount 
of an antibody, or a fragmant or darivativa tharaof, which 
pravants tha adhasion of lymphocytas to andothalial calls 
via an axtracallular matrix racaptor to a subjact in naad 
of such traatmant. 

31. Tha mathod of claim 30 in which tha 
antibody, fragmant, or darivativa binds to o4jl. 

32. Tha mathod of claim 31 in which tha 
antibody is a monoclonal , antibody. 

33. Tha mathod of claim 32 in which tha antibody 
30 is P4C2, dapositad with tha XTCC and having tha accession 

numbar HB-10213. 
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34. The method of claim 32 in which the antibody 
ia P4C10, deposited with the ATCC and having tha accasaion 
number HB-102U. 

35. A Bathed of preventing lymphocyta migration 
5 into tiaauas coapriaing adainiataring an affactiva amount 

of a paptida in a pharmacologically auitabla carriar, which 
pravanta lymphocyta adhaaion to andothalial calla to a 
subject in naad of auch treatment. 
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36. Tha method according to claim 35 in which 
tha paptida binda to «»401. 

37. Tha method according to claim 36 in which 
che peptide comprise* at laaat a portion of the IIICS 
region of fibronectin, or a derivatiave thereof. 

38. The method according* to claim 36 in which 
the peptide compriaaa at laaat a portion of tha CS1 ragion 
of fibronectin, or a derivatiave thereof. 

39. The method according to claim 36 in which 
tha paptida cempriaen at laaat a portion of the aaquence 
EILDVPST, a derivative thereof, or a aubatantially 
homologoua aaquence. 
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Attachment to Telephone Memo. 
Reasons for Holding Lack of Unity: 

I. Claims 1-5. 11-24. and 30-34. drawn to antibodies, 
methods of using, a pharmaceutical composition, and 
methods of treatment using the antibodies, classified 
in Class 424. subclaim 85. A. 

TT. Claims 6-10, 25-29, and 35-39, drawn to peptides, 
methods of using, and a pharmaceutical composition, 
classified in class 514. subclass 8. 12. and 16. 

The inventions are distinct, each from the other because of 
the following reasons. The peptides and antibodies described are 
wholly different entities In regards to structure arid function. 
Therefore, their methods of use and compositions containing them 
are also separate and distinct. 

Because these inventions are distinct for the reasons given 
above and acquired a separate status in the art as show/i by their 
different classification and divergent subject matter, and 
because the searoheu for the individual Groups are not 
coextensive, a holding for lack of unity for examination purposes 
«s indicated is proper. 



